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(54) Phosphodiester CpG oligodeoxynucleotide Plasmodium conjugated with a dG run, 
having strengthened immunoregulatory capabilities and increased safety 



Summary 

The present invention relates to a CpG oligodeoxynucleotide plasmodium with increased 
immunoregulatory capabilities; more specifically, it relates to a CpG oligodeoxynucleotide 
Plasmodium which, through the conjugation of a run of deoxyriboguanosine (dG) to the 3' 
terminus of a CpG oligodeoxynucleotide having immunoregulatory capabilities, improves 
specific bindability to immune cells possessing SR (scavenger receptors), and, while 
maximizing Th-1 immunoactivity, also provides a CpG ODN which avoids inducing toxicity 
in vivo. The above-mentioned DpG ODN conjugated with a dG run is not only usable as an 
immunotherapy agent in the treatment of allergies, asthma, autoimmune disease, etc., but may 
also be usefully utilized as a vaccine adjuvant in the prevention and treatment of such 
infectious diseases as acquired immunodeficiency syndrome (AIDS) and chronic hepatitis C. 

Representative Drawings 
Figure 4a 
Specifications 

Brief Explanations of Drawings 

Drawing 1 is a graph showing the effects of CpG ODN conjugated with a dG run on the 
secretion of IL-12 from a macrophage (Drawing la), and a B cell (Drawing lb). 

Drawing 2 is a graph showing the efficacy of cytokine secretion according to the length of the 
dG run conjugated to the 3' terminus. 

Drawing 3a is a graph showing the extent to which the ODN conjugated with a dG run binds 
to the surface of the dendritic cell. 



Drawing 3b is a graph showing the extent to which the ODN conjugated with a dG run is 
internalized into the inner portion of the dendritic cell. 

Drawing 3c shows the results of investigating how ODN conjugated with a dG run is 
internalized into the cell via a cell surface scavenger receptor, by means of a combined 
competitive binding analysis utilizing SR-A ligands dG2o, fucoidan, dextran sulphate and 
SR-BI ligand LDL, CD36 ligand oleic acid, as well as Mac-1 ligands fibrinogen and 
anti-CD 18 monochlonal antibodies. 

Drawing 4a shows the results of the investigative measurement of the amount of 
immunoglobulin relative to whether or not dG run induces Th-1 immunoreactivity in vivo, by 
inducing immunoreactions under conditions in which ODN conjugated with a dG run 
together with an HIV particle is contained, as well as under conditions in which it is not so 
contained. 

Drawing 4b indicates the results of ELIS A measurements of anti-E2 IgG2a titer following the 
musculatory injection to mice of 1826D and 1826T, as well as the proteins M21 and gDE2t. 

Drawing 4c is a graph showing the effects on cytokine (IL-4 and IFN-y) secretion from the 
CD4 + T cells of mice immunized with multiple ODN and gDE2t protein. 

Detailed Explanation of the Invention 

Purpose of the Invention 

Technology of the Invention and Prior Art 

The present invention relates to a CpG oligodeoxynucleotide Plasmodium with increased 
immunoregulatory capabilities; more specifically, it relates to a CpG oligodeoxynucleotide 
Plasmodium which, through binding of a deoxyriboguanosine (dG) run to the 3' terminus of a 
CpG oligodeoxynucleotide having immunoregulatory capabilities, improves specific 
bindability relative to immune cells possessing scavenger receptors (below, SR), and, while 



maximizing helper T cell type 1 (Th-1) immunoactivity, also provides a CpG ODN which 
avoids inducing toxicity in vivo, and which is useful as a vaccine adjuvant and 
immunotherapy agent. 

The CpG oligodeoxynucleotide (oligonucleotide; herein called CpG ODN) has become 
known as a useful immunoregulatory agent which is capable of activating all congenital and 
acquired immunoreactions. Specifically, the CpG ODN activates antigen presenting cells 
(below, APCs), such as, for example, B cells, macrophages, and dendritic cells; the fact of the 
manifestation of the secretion of cytokine, important in immune strengthening, as well as the 
concurrent expression of the co-stimulatory molecule, has become clear through organic 
experimentation (Klinman, D.M. et al., PNAS USA 93, 2879-2883, 1996; Krieg, A.M. et al., 
Nature 374, 546-549, 1995; Jakob, T. et al., J. Immunol. 161, 3042-3049, 1998; Sparwasser, T. 
et al., Eur. J. Immunol. 28, 2045-2054, 1998). With the CpG ODN, internalization is 
produced through the endosome of the APC, and maturation of the endosome essentially 
becomes demanded through this activity. However, in order to induce the effectiveness of 
CpG ODN immune strengthening, the detailed mechanism relative to which process signal 
transmission goes through, or what constitutes the molecule in vivo which recognizes the 
CpG sequence of the ODN, is not yet understood. 

On the other hand, due to the short length of the oligonucleotide, the CpG ODN easily 
degrades and loses its activity, based on the abundant amount of DNase (nuclease) existing in 
vivo. In order to solve this problem, a method which transforms the CpG ODN backbone 
by means of phosphrothioate binding (phosphrothioate backbone) has been utilized (Stein, 
C.A. & Cheng, Y.C. Science 261, 1004-1012, 1993). With this method, the level of 
resistance against DNase was high with phosphrothioate binding as compared to existing 
phosphodiester binding (phosphodiester backbone), and properties were utilized which 
increased the half life of the CpG ODN in vivo. However, recent studies have reported the 
fact that the phosphrothioate backbone itself strongly induces nonspecific immunoactivity in 
vivo, and that this elicits toxicity in vivo (Monteith, D.K. et al., Toxicol. Pathol.27.307-317, 
1999; Wagner, H. Adv. Immunol. 73, 329-368, 1999); these studies indicate problems relative 
to safety with methods that transform the CpG ODN backbone through phosphrothioate 
binding. 
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Considering the situation stated above, the inventors of the present invention conducted 
investigation of a new CpG ODN Plasmodium with capabilities for minimizing harmful 
nonspecific immunoreactions in vivo while maximizing immunoactivity; as a result, they 
discovered that, if a prescribed length of a continuous sequence of deoxyriboguanosine (dG 
run) becomes conjugated to the 3' terminus of phosphodiester CpG ODN, not only does this 
render possible the specific communication of immune cells in expressing scavenger 
receptors (herein, SR), together with B cells, macrophages, and dendritic cells, but also that 
the immunoreactivity of helper T cells (Th-1) may be maximized in vivo, while, nonspecific 
immunoreactivity that exhibits toxicity in vivo may be separately minimized, differently from 
phosphrothioate binding, due to the control of CpG ODN degradation from DNase. The 
inventors thereby completed the present invention. 

Problems that the Invention is to Solve 

The purpose of the present invention is to provide a Phosphodiester CpG ODN Plasmodium 
which minimizes toxic nonspecific immunoreactions in vivo, while maximizing Th-1 
immunoactivity. 

Moreover, the purpose of the present invention is to provide a CpG ODN plasmodium with 
increased capability for specific binding to immune cells which possess SR. 

In addition, the purpose of the present invention is to provide usefulness in utilizing the 
above-mentioned CpG ODN plasmodium as a vaccine adjuvant and as an immunotherapy 
agent. 

Structure and Operation of the Invention 

In order to achieve the above-stated purposes, the present invention provides a 
phosphodiester oligodeoxynucleotide (below, "ODN") plasmodium which possesses a CpG 
motif, characterized by being conjugated with a continuous sequence of deoxyriboguanosine 
(dG run) to the 3' terminus. 

Moreover, the present invention provides a CpG ODN plasmodium which has the base 



sequence numbers 2, 9, 14, 16, and 18, which specifically induces the immunoactivity of 
Th-1 within the CpG ODN conjugated with the above-mentioned dG run. 

In addition, the present invention provides usefulness in utilizing the above-mentioned CpG 
ODN conjugated with the dG run as a vaccine adjuvant and as an immunotherapy agent. 

The invention is explained in detail below. 

In the present invention, "ODN" refers to an oligodeoxynucleotide of a 11-26 nt length 
which is capable of activating an immunoreaction; in particular, "CpG ODN" refers to an 
oligodeoxynucleotide which has a CpG motif (5' Purine Purine Cpg Pyrimidine Pyrimidine 
3') that exhibits immunoregulatory capability. 

"dG run" is a term used to describe the form in which 4 or greater deoxyriboguanosine 
become connected to CpG ODN by means of phosphodiester binding in a continuous manner. 

In the present invention, the pl9 sequence is [provided] through the origination in genetics of 
amp r of the previously disclosed pUC19 plasmid (base number sequences from 2293 to 
2312); in the present invention, Geno Tech Inc. (Taejon City, Republic of Korea) was asked 
to provide the synthesis. For other ODN, syntheses were conducted with agents producing 
conjugation of the dG run to the 3' terminus of pi 9 and ODN sequences for which activity 
had already been determined, and the syntheses were easily obtained. 

The ODN produced so as to have phosphrothioate binding is protected from the attack of 
DNase existing within the cell, and conducts the role of extending the half life of the ODN in 
vivo. However, many problematic issues relative to safety arise with this method, due to the 
elicitation of nonspecific immunoreactions from the phosphrothioate binding itself. Actually, 
the inventors of the present invention treated ODN (50|xg) which possessed phosphrothioate 
binding with aluminum hydroxide, and confirmed, as a result of injecting this together with 
gDE2t5|it derived from CHO, the appearance of granuloma in the region where the shots had 
been administered. On the other hand, while in vitro testing of CpG ODN possessing 
phosphodiester binding naturally produced no immunoreactions, injurious nonspecific 
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immunoreactions were also not observed with testing in vivo. This is believed to be due to 
action on the immune cell through nonspecific endocytosis, stemming from the possibility of 
DNase attack, along with the extremely low degree of efficacy. In order to solve the 
above-mentioned problems relative to safety with the phosphrothioate binding and low 
degree of immunogenisity with the disclosed phosphodiester binding, in the present invention, 
a dG run is conjugated to the 3' terminus of CpG ODN having phosphodiester binding, 
concurrently solving the problems relative to immunogenisity and safety. 

In the present invention, a dG run is conjugated to the 3' terminus, and multiple CpG ODN, 
which are capable of increasing activity to induce immunoreactivity, are favorably pi 9 (SEQ 
ID NO: 2), M16 (SEQ ID NO: 9), M21 (SEQ ID NO: 14), and M22 (SEQ ID NO: 16). 
When a dG run is conjugated to the 5' terminus, interleukin-12 (below, IL-12) is secreted 
from the dendritic cell at a lower degree than when dG run is not conjugated; further, 5' dG 
run inhibits the secretion ability of EL 12 for inducing rimmunoactivitvl , based on the CpG 
motif. Moreover, although the 5' run, as well as the 3' run, are both more efficacious 
relative to cell binding and cell internalization than are cases in which the run is lacking, the 
3' terminus usage is more efficacious than cases in which the dG run is conjugated to the 5' 
terminus from the standpoint of cell binding and cell internalization. The efficaciousness of 
such cell binding and cell internalization was seen to disappear with the use of the dG run of 
other bases, such as, for example, when substituting with a dC run, and the specific efficacy 
of the dG run was apparent. 

In particular, from the standpoint of production, the most favorable goal of the CpG ODN 
conjugated with the dG run of the present invention is achieved with the dendritic cell; this is 
because the IL-12 plays an important role in inducing immunoreactivity with Th-1, due to the 
core [importance] of the dendritic cell in inducing immunoreactivity in vivo. The ODN 
binding power of the dendritic cell is 4-fold that of the macrophage; however, the CpG ODN 
conjugated with the dG run of the present invention produces more than 50-fold as many 
IL-12 as the macrophage. 

In embodied examples of the present invention, with CpG ODN resulting from in vitro 
testing which treated dendritic cells isolated from the spleens of mice, the dendritic cells were 
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stimulated so as to produce the secretion of tumor necrosis factor-a (herein, TNF-a) and 
IL-12. Moreover, macrophages or B cells from within the chest cavity were induced to 
produce 11-12 secretion. Accordingly, efficacy was only observed in the case of the dG run 
conjugated to the 3' terminus of CpG ODN, and was not observed in the case of conjugation 
to the 5' terminus. 

On the other hand, conditions were examined relative to competitive binding, various ligands 
being utilized in order to test whether cell binding takes place with ODN conjugated with a 
dG run, based on certain receptors from among receptors existing on the surface of immune 
cells; as a result, the cell binding of ODN conjugated with the dG run of the present invention 
became inhibited only when based on specific ligands with SR-A; from this it was 
determined that the flow of ODN conjugated with the dG run into the cells occurred via 
receptors having SR-A ligand specificity. 

The CpG ODN conjugated with the dG run provided based on the present invention is 
constructed with 4 strands in a 4-stranded helix tetraplex structure; consequently, binding to 
the SR of the antigen presenting cells takes place selectively, and, as a result, the CpG ODN 
concentration within the cells is calculated through the increase in production. Because the 
increased safety of this deltaplex structure, based on the G-quartet constructed based on the 
dG run, has been established, efficacy of the internalization provided through conjugation of 
the dG run-conjugated CpG ODN with the APCs is enhanced. The influence of the binding 
of receptor signals with SR on the production of cytokine has been established. For 
example, the facilitation of TNF-a genetic transcription from the macrophages of mice when 
binding maleyl-BSA (bovine serum albumin) to SR has been observed. However, the 
inhibition of IL-12 production when induced based on LPS from macrophages originating 
from bone marrow cells has also conversely been observed. On the other hand, it has been 
observed in the present invention that the level of cytokine production does not increase like 
that of TNF-a and IL-12 when only the G- homotetramer itself is simply conjugated with the 
SR. This is understood from the fact that cytokine production is not at all induced based on 
Ml or M16GC, in which the CpG motif does not exist, although they possess the dG6 run. 
Consequently, in order to facilitate increased immunoactivity, it is of course important, with 



the conjugation of the dG run to the 3' terminus of ODN, for the ODN itself to possess a CpG 
motif. 

For the length of the dG run, in order to provide a minimized tetraplex construction, a dG run 
conjugated with a minimum of 4 continuous dG is necessary; IL-12 secretion is most 
effective with 6 conjugated dG. In the case that the length of the dG run continues to 
increase, there is no major difference in the level of secretion of D-12, or, in the case of 
TNF-a, the maximum level of secretion is achieved with the binding of 15 dG 
Consequently, because the overdose of TNF-a secretion in vivo can produce toxicity, it is 
favorable for the length of the dG run to fall between a minimum of 4 and a maximum of 15. 

On the other hand, the CpG ODN conjugated with the dG run of the present invention is 
capable producing a greater level of secretion activity than is achieved through 
transformation via phosphrothioate conjugation of the bases of the 3' terminus or 5' terminus. 
The above-mentioned transformation via phosphrothioate binding favorably transforms 1-3 
base bindings from either the 5' or 3' terminus. 

More favorably, M21E (SEQ ID NO: 18) can be utilized to transform the 2 base bindings 
from the terminuses of both sides. 

According to Experimental Example 8 of the present invention, in order to further increase 
the in vivo resistance against DNase of phosphodiester CpG ODN, with which a dG run had 
been introduced to the 3' terminus, two base bindings from both terminuses of CpG ODN 
conjugated with the dG run of the present invention were transformed through 
phosphrothioate binding, and the resultant effect on cytokine production within the dendritic 
cell was examined. Specifically, substitution was conducted of the two bases on each 
terminus of M21, which possesses the greatest level of ability for inducing IL-12 secretion 
from among dendritic cells, replacing each of them with phosphrothioate binding; 
subsequently, the cytokine secretion capabilities of 1826T and M21 were compared through 
in vivo experimentation. As a result of introducing phosphrothioate binding to the two 
bases of both terminuses with the CpG ODN, not only was the level of D-12 secretion 
capability higher, as a matter of course, than that observed with the M21 constructed only 
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through phosphodiester binding, but it was confirmed that all bindings exhibited a higher 
standard of stimulatory activity of IL-12 secretion as compared to the 1826T constructed 
through phosphrothioate binding. This indicated the fact that the stimulatory activity of 
cytokine secretion is further increased, and resistance against DNase is further strengthened, 
through the introduction of phosphrothioate binding only to both terminuses. 

The multiple CpG ODN provided according to the present invention may be usefully utilized 
as vaccine adjuvants and as immunotherapy agents; in particular, they may be used as 
immunotherapy agents in the treatment of allergies, asthma, autoimmune disease, etc., and as 
vaccine adjuvants in the prevention and treatment of such infectious diseases as AIDS, 
chronic hepatitis C, etc. At the present time, it is favorable for the above-mentioned 
multiple ODN, used together with antigens to induce immunoreactivity, to be administered 
2-3 times over an interval of 2-4 weeks, at a volume of 0.1-2.5mg/kg. Moreover, the ratio 
of ODN relative to the antigens is favorably 0.2-10. Immunization of the antigens may be 
conducted together with the vaccine adjuvant aluminum hydroxide, usable in vivo, or they 
may be independently administered; either intramuscular or subcutaneous methods may be 
utilized for the administration. With ODN M16 and M21, the efficacy of which was 
strengthened based on the 3' conjugation of the dG run, the generation of Th-1 
immunoreactant IgG2a, as well as a higher secretion ratio with interferon-y/ 
interleukin-4(IFN- y/LL-4) as compared with CD4-T helper cells, were respectively exhibited 
with the mice. 

The present invention is explained below in detail through the use of working examples. 
However, the present invention is not limited to the working examples stated below. 

<working examplo Provision of CpG ODN with a dG run conjugated to the 3' terminus 

In order to closely examine the efficacy of the dG run within CpG ODN having a 
phosphodiester backbone, examination was conducted of the base sequence putative dG run, 
GGGGCG, estimated through the run of deoxyriboguanosine, as well as the appropriate base 
sequence having the CpG motif AACGTT. As a result, sequences constructed of 20 bases of 
base sequence numbers 2293-2312 of ampicillin resistance genetic amp r existing within 
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pUC19 were selected, and these were named as pi 9. Moreover, GenoTech Inc. was asked 
to produce as a control group syntheses of CpG ODN 1826, previously known to possess 
immunoactive capabilities (Jakob, T. et al., J. Immunol. 161, 3042-3049, 1998), with 
respective phosphrothioate (below, 1826T) and phosphodiester (below, 1826D) backbones, 
and these were utilized. The above-mentioned multiple ODN were converted into a primary 
shape, and a portion of the bases were either substituted or provided as multiple ODN 
producing conjugation of the dG continuous sequence (dG run) to the 3' and 5' termini. 

According to the same method as stated above, oligonucleotides which possessed sequences 
were synthesized, as shown in Table 1 below. The underlined portions in Table 1 below 
indicate the CpG motif portions existing within each ODN, the capital letters indicate 
phosphodiester binding, and the lower-case letters indicate phosphrothioate binding. 



{Table 1} 

Base Sequences of the Multiple CpG ODN Provided in the Present Invention 



Name 


SEQ ID 
NO 


Base Sequence 


1826T 


1 


5' tccatgacgttcctgacgtt3' 


1826D 




5' TCC ATG ACGTTCCTGACGTT3 ' 


pl9 


2 


5' GGAAAACGTTCTTCGGGGCG 3' 


P 19d 


3 


5' GGAAAACGTTCTTC 3' 


Ml 


4 


5' GGAAAAGCTTCTTCGGGGCG 3' 


M7 


5 


5' GGAAAACGTTCTTCGCCCCG 3' 


M13 


6 


5' GGAAAACGTTCTTCGGGCCG 3' 


M14 


7 


5' GGAAAACGTTCTTCGGCCCG 3' 


M15 


8 


5' GGAAAACGTTCTTCGGCGCG 3' 


M16 


9 


5' GGAAAACGTTCTTCGGGGGG 3* 


M19 


10 


5' GGGGAAAACGTTCTTCGCCC 3' 


M26 


11 


5' GGGGGGAAAACGTTCTTCGC 3' 


M27 


12 


5' GGGGGGGGGAAAACGTTCTT 3' 


M20 


13 


5' GGGGGGTCCATGACGTTCCTGACGTT3' 
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M21 


14 


5' TCCATGACGTTCCTGACGTTGGGGGG 3' 


M12 


15 


5' CTTAACGTTCT 3" 


M22 


16 


5' CTTAACGTTCTGGGGGG 3' 


M23 


17 


5' GGGGGGCTTAACGTTCT 3' 



<Test Example 1> influence of the dG run on cytokine secretion from dendritic cells isolated 
from the spleens of mice 

For the sake of comparative analysis of the degree of immunoactivity of the multiple Cpg 
ODN provided in the above working example, dendritic cells were isolated from the spleens 
of C57BL/6 guinea pigs (from the Korean Experimental Animal Center) which were 
approximately 6-8 weeks old, and, following treatment of the CpG ODN, the degree of 
secretion of tumor necrosis factor-a (TNF-a), and interleukin-12 (IL-12), were examined. 

According to existing reports, the secretion of dendritic cells has been constructed through 
slight transformation (Singh, Net al., J. Immunol. 160, 4849-4880, 1998; Ridge, RP. et al., 
Science 271, 1723-1726, 1996). Specifically, after inducing adhesion of the splenocytes of 
mice in a tissue culture plate for a 90 minute period, the non-adherent cells were removed, 
and the adherent cells were cultured for one day under the presence of 10 ng/ml of 
recombinant mouse GM-CSF (granulocyte macrophage-colony stimulating factor, R&D 
System). Following cultivation, the non-adherent cells and adherent cells were then isolated 
by means of a percoll density gradient, and the low-density cell types with large quantities of 
dendritic cells from the interface were collected and utilized. 1X10 5 of dendritic cells were 
respectively treated with a 1.5 \iM density of CpG ODN; after 10 and 30 hours, the culture 
solutions were respectively collected, and the amounts of secreted TNF-a and IL-12 were 
measured, utilizing commercial ELISA kits (Mouse TNF-a DuoSeT ELISA Development 
System, TOTAL MOUSE IL-12 Duo SeT ELISA Development System; Genzyme). These 
results are shown in Table 2. 

Lipopolysaccharides (herein, LPS) were used with the positive control group; only the 
medium was utilized for the negative control group. The amounts of IL-12 and TNF-a were 
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assayed. 



{Table 2} 

Effects on the Cytokine (11-12, TNF-a) Production of Dendritic Cells 



Name 


SEQ ID NO 


IL-12 (ng/ml) 


TNF-a 


1826T 


1 


5.41 +1.28 


2768+628 


1826D 




0.37+0.07 


134±58 


pl9 


2 


1.32+0.31 


640+96 


pl9d 


3 


0.07+0.01 


25±3 


Ml 


4 


0.05+0.01 


27±3 


M7 


5 


0.09+0.02 


30+3 


M13 


6 


0.07±0.01 


20±1 


M14 


7 


0.05+0.01 


22+2 


M15 


g 


0.08+0.02 


36±5 


M16 


9 


2.40+0.77 


960+166 


M19 


10 


0.13±0.05 


39+6 


M26 


11 


0.13+0.07 


96+26 


M27 


12 


0.07±0.03 


64+19 


M20 


13 


0.42+0.11 


115+29 


M21 


14 


3.04+0.57 


1103+176 


M12 


15 


0.05±0.01 


18±3 


M22 


16 


0.88+0.17 


408±55 


M23 


17 


0.05±0.01 


40+5 


LPS 




1.59+0.25 


844+154 


Medium 




0.07+0.01 


27±4 



Table 2 above indicates significantly greater cytokine secretion with phosphrothioate 
transformation (1826T) than with phosphodiester (1826D). However, with pi 9, an 
approximately 4-fold greater degree of IL-12 secretion than 1826D was observed. 
Moreover, with such a high standard of cytokine secretion, with the GGGGCG run composed 
of dG, a portion of the dG was substituted with dC (M7, M13, M14, M15), or when it was 
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removed (pl9d), a notable decrease was apparent. In addition, when the dC run composed 
of the dG of pl9 was substituted with dG (M16), this activity was further strengthened. The 
same efficacy of this run composed of dG was also exhibited with other base sequences or 
lengths possessed by CpG ODN; in other words, M21 and M22 exhibited significantly high 
levels of TNF-a and IL-12 secretion as compared with 1826 and Ml 2. In particular, the lack 
of efficacy in cytokine secretion exhibited in the case of conjugating a dG run to the 5' 
terminus (Ml 9, M26, and M27) selectively showed that efficacy of the dG run was only 
exhibited when conjugated to the 3' terminus of CpG ODN. 

<Test Example 2> Efficacy of the dG run with macrophages from the abdominal cavity, as 
well as with B cells 

In order to investigate the promotion of cytokine secretion by dG ODN with macrophages 
and B cells in the same manner as with dendritic cells, testing was conducted of macrophages 
from the abdominal cavities of mice, as well as B cells obtained from the spleens of mice. 

For the abdominal macrophages, the abdominal cavities of approximately 6-8 weeks old 
C57BL/6 guinea pigs (from the Korean Experimental Animal Center) were irrigated with a 
medium, and inoculated in a tissue culture plate. Following cultivation for a 9 hour period, 
the cavities were irrigated 3 times with the medium, and the adherent cells were isolated and 
utilized. Moreover, for the B cells, following isolation of the non-adherent cells from the 
spleens of mice, microbeads (Miltenyl Biotech), which recognize specific cell surface marker 
CD19 (complement differentiation 19), were caused to bind to the B cells, and a (mini) 
MACS column (Miltenyl Biotech) was utilized to isolate these. A IX 10 5 quantity of 
macrophages and a 2X10 5 quantity of B cells were respectively treated with 3 |iM of CpG 
ODN; following a 30 hour period, the medium was obtained, and 11-12 ELISA was achieved. 

As a result, when treating macrophages from the abdominal cavities of mice and B cells 
isolated from mice spleens with CpG ODN, the same as with dendritic cells, only ODN 
conjugated with the dG run to the 3' terminus exhibited high levels of EL- 12 secretion. In 
particular, Ml 6 and M21 exhibited significantly high levels of activity for inducing IL-12 
secretion (refer to Figures la and lb). 
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<Working Example 3> Changes in efficacy according to the length of the run composed of 
dG conjugated to the 3' terminus 

P19d, with the (GGGGCG) run composed of dG of pl9 removed, was used as the control 
group, and, following binding of various lengths of the dG run to the 3' terminus, the level of 
cytokine secretion with dendritic cells was measured. The concrete test process used for 
this is noted according to the method for Test Example 1 above. The results are shown in 
Figure 2. 

From Figure 2 it can be determined that it is necessary for the dG run to be constructed with a 
minimum of 4 continuous dG, and that, in particular, when there are 6 
deoxyriboguanosine — dG6, the secretion of IL-12 is most effectively exhibited. In the case 
that the length of the dG run continues to increase, there is no major difference in the level of 
secretion of 11-12, or, in the case of TNF-a, the maximum level of secretion is achieved with a 
binding of 15 dG — dGis; this exhibits an approximate 5-fold value as compared with ODN 
conjugated with dG6. 

<Working Example 4> Changes in ODN cell binding and the degree of secretion inducement 
within cells according to dG run conjugation 

(4-1) Effects of the dG run on the cell binding of ODN 

In order for the activity of the CpG ODN to be efficacious, it is necessary for there to be a 
high volume of ODN internalization into the cell. Accordingly, an examination was 
conducted relative to how the degree of binding to dendritic cells changes, as well as how the 
degree of internalization into the cells changes, based on the conjugation of the dG run.. 

For the sake of useful observation, multiple fODN, which produces a binding of fluorescien, 
composed of florescent material, were utilized on the 3' and 5' terminuses of CpG ODN. 
For observing the volume of fODN in cell binding, 1X10 5 of dendritic cells were treated with 
5 of fODN at 4° [symbol error in the original] C for one hour; subsequently, the cells 
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were irrigated twice with PBS (phosphate buffered saline), the non-binding fODN were 
removed, and a FACS (Becton Dickinson, USA) was utilized to measure the brightness of the 
fluorescence. For observing the volume of internalization of fODN into the cell, 1X10 5 of 
dendritic cells were treated with 1 \xM of fODN at 4° [symbol error in the original] C for 30 
minutes, and after culturing these for respective 1.5 and 6 hour periods, the fODN adhered to 
the cell membrane were removed, and measurement was conducted. The degree to which 
the respective ODN conjugated to the dendritic cells, as well as the degree to which the 
respective ODN flowed into the cells, were measured by means of mean fluorescent intensity 
(herein, MFI); the degree of MFI existent when only the medium was present was set as the 
standard, and the degree of increase in MFI existing at the time of the presence of fM21 was 
used as the relative index, shown as the binding index, and the internalization index. 

The results are as indicated in Figure 3. In other words, when the dG run was conjugated to 
the 3' or 5' terminus, ODN cell binding (Figure 3a) and cell internalization (Figure 3b) 
became significantly increased in comparison with cases in which ODN possessed no dG run. 
On the other hand, when the dG run was attached to the 3' terminus position, greater 
effectiveness was exhibited from the standpoint of cell binding and cell internalization as 
compared with cases in which the dG run was attached to the 5' terminus position. 
Moreover, such specific effectiveness of the dG run was evident when observing the 
disappearance which takes place when the dG run becomes changed to a dC run. 

(4-2) Research on receptors conjugated with dG ODN. 

In order to investigate the development of capabilities for conjugating to the cellular surface 
of ODN, including the dG run, based on certain receptors, a competitive binding assay was 
conducted, which treated previously existing known ligands conjugated to various receptors. 
In other words, dG2o, fucoidan (Sigma), and dextran sulfate (Sigma) were used as the SR-A 
ligands, LDL (low density lipoprotein, Sigma) was used as the SR-BI ligand, oleic acid 
(Sigma) was used as the CD36 ligand, and fibrogen (Sigma) and Anti-CD 18 monoclonal 
antibodies (Pharmigen) were utilized as the Mac-1 (CD1 lb/CD 18, aMfil) ligands. First, 
after culturing each 0.25 mg/ml ligand concentration with a 1 jiM concentration of dG2o and a 
1 jiM concentration of fM21, the MFI of the conjugated fM21 was measured, and the effects 
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of each ligand on the cell conjugation of ODN was investigated. As a result, only the 
specific ligands of SR-A were able to impede the dendritic cell conjugation of fM21 ODN 
conjugated to the 3' terminus of the dG run (refer to Table 3c). These results exhibit cell 
internalization via receptors having dG run SR-A ligand specificity. 

<Working Example 5> Inhibition of cytokine secretion ability relative to the dG run 
conjugated to the 5' terminus 

From the results of Test Example 1 it can be determined that the secretion of cytokine from 
dendritic cells fails to increase when the dG run is conjugated to the 5' terminus (Table 2; 
M19, M26, and M27). However, when the 5' dG run is also used in a tetraplex configured 
formation, the degree of dendritic cell conjugation is significantly high as compared with the 
case of ODN without the dG run (Test Example 4). These results indicate the 
transformability of the action of the dG run depending upon the position of the CpG ODN. 
In the present test example, in order to examine the variance in effects based upon the 
positioning of conjugation of the dG run with the CpG ODN, the dendritic cells were treated, 
together with the CpG ODN, with the cationic liposome Lipogene™ (Boditech Med Inc., 
Korea), and after identifying no correlation with the existence of the dG run, the volume of 
CpG ODN cell internalization was tested. Moreover, in order to investigate the effects 
based on differences in positioning of the dG run, a control group was formed of 1826D 
(SEQ ID NO: 2) having only two CpG motifs, and M12 (SEQ ED NO: 16) having only 1 CpG 
motif, and the effects of CpG ODN conjugated with a dG run to the 3' terminus (M21 and 
M22), as well as the effects of CpG ODN conjugated with a dG run to the 5' terminus (M20 
and M23), were respectively investigated. 

First, the dendritic cells were treated with a mixed liquor, with which 0.3 nM of CpG ODN 
had been cultured together with 3 ng of Lipogene for 30 minutes at room temperature; this 
was then cultured for a period of 4 hours. Subsequently, the Lipogene-ODN mixed liquor 
remaining in the medium was removed, and following an additional 24 period of culturation, 
the volume of IL-12 from the medium was measured. These results are shown in Table 3 
below. 
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{Table 3} 

Effects on Cytokine Secretion Depending on the Position of Conjugation of the dG Run 



Name 


dG Run 
Position 


IL-12 (ng/ml) - 
Liposome 


TNF-a 

(pg/ml)-Liposome 


IL-12 (ng/ml) + 
Liposome 


1826D 




0.37±0.07 


134±58 


4.15+1.17 






3.04±0.57 


1103±176 


8.11+2.19 






0.42+0.11 


115+29 


1.74+0.57 






0.05±0.01 


18+3 


1.68±0.33 






0.88±0.17 


408±55 


7.89+3.21 






0.05±0.01 


40+5 


0.86+0.25 


*: No conjugation of the dG run 



As a result, it was discovered that, when treatment was conducted together with Liposome, 
high levels of IL-12 secretion from dendritic cells were also produced also in cases in which 
no dG run had been conjugated to the 3' terminus. However, in instances when the dG run 
existed on the *5 terminus, it was discovered, to the contrary, that a decreased level of IL-12 
secretion was produced as compared with instances when the dG run was absent. From 
these results it was discovered that the 5' dG run contrarily inhibits the inducement of 11-12 
secretion ability based on the CpG motif from dendritic cells. 

<Test Example 6> Effects depending on the run base type conjugated to the 3' terminus 

After conjugating a run structured by deoxyriboadenine (dA), deoxyribocytosine (dC), and 
deoxyribothymine (dT), instead of the dG run of Ml 6, to the CpG ODN 3' terminus (Ml 6- A, 
M16-C, and M16-T), when the CpG ODN were respectively transferred, either separately or 
together with Liposome, the effects on the secretion of IL-12 and TNF-a from dendritic cells 
were investigated. These results are indicated in Table 5 below. 



{TableS} 

Effects Depending on the Base Category of the Run 



Name 


Sequence 




TNF-a 


IL-12 (ng/ml) + 



19 









(pg/ml)-Liposome 


Liposome 


M16 


5' GGAAAACGTTCTTCGGGGGG3 ' 


2.40+0.77 


960±166 


4.76±1.65 






0.05+0.01 


25+2 


5.56±1.10 






0.06+0.01 


29+3 


5.11±0.88 






0.06+0.01 


45+8 


4.35±0.52 






0.08±0.02 


31+2 


0.15±0.03 



As a result, when the dendritic cells were treated independently without the Liposome, in the 
case of the dG run of M16 by itself, in which the dG run is conjugated to the 3' end, while it 
also has the CpG motif, significantly higher levels of cytokine secretion stimulatory activity 
were exhibited as compared to cases when CpG ODN was conjugated with dA, dC, and dT 
(Ml 6- A, M16-C, and M16-T). On the other hand, when administered together with 3^iM of 
Liposome, the tendency for similar IL-12 secretion was observed, or else, in this instance also, 
the existence of the CpG motif was exhibited as being essential to the increase in 
immunoactivity. These results indicated that the dG run conjugated to the 3' terminus is 
only involved with cell inflow, and does not play a large part in signal transmission related to 
cytokine secretion within the cell. 

<Test Example 7> Changes in CpG ODN immunoactivity based on dG run in vivo 

(7-1) Efficacy in eliciting the immunoreactions of CpG ODN conjugated to dG run (antigen: 
HIV) 

In order to examine whether the capabilities of CpG ODN for immunoactivity based on dG 
run are also applicable in vivo, the immunoactivity elicited based on phosphodiester CpG 
ODN conjugated to dG run in mice was examined. When only CpG ODN having a general 
phosphrothioate backbone was injected together with the antigen, it became apparaent that 
immunoreactivity was primarily induced in the direction of Th-1 immunoreactivity. 
Therefore, in order to examine whether CpG ODN with a phosphodiester backbone that 
conjugates dG run to the 3' terminus is capable of immunomodulation that is analogous to 
this, dG run efficacy in vivo was examined in the present test. 
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6-8 week old Balb/c guinea pigs (from the Korean Experimental Animal Center) were 
administered subcutaneous injections of a mixture of 5 ng/mouse of human 
immunodeficiency virus (HIV) particle, which had previously been treated with aluminum 
hydroxide (Sigma), as well as 50 ^g/mouse of M16 CpG ODN. Four weeks after all of the 
mice had received their first inoculation, boosting was conducted, and two weeks thereafter 
the humoral immune immunoreactions were examined through ELISA analysis. In the 
ELISA analysis, HIV particles were utilized as antigens to specifically observe anti-HIV IgC 
reactions, and anti-mouse IgG, IgGl, and IgG2a (Southern Biotechnology, USA), conjugated 
with horseradish peroxidase (HRP), were utilized as second antibodies. For color reactions, 
tetramethyl-benzidine (TMB) solution was used as the substrate, and the test was conducted. 

The results are illustrated in Figure 4a. When treatment with M16 conjugated with dG run 
to the 3' terminus was conducted together with HIV particles, it was discovered that the 
immunoglobulin G (IgG) and representative Th-1 immunoreactive IgG2a reactions all 
randomly increased to a meaningful degree overall. However, when the dG run was present 
on the y terminus or when administered together with ODN (M16C and M16GC) containing 
GpC instead of CpG, this efficacy became negligible (refer to Figure 4a). These results 
indicate that M16 ODN increases Th-1 immunoreactivity, and suggest that this efficacy is 
dependent on the CpG motif of M16 and the dG run of the 3' terminus. 

(7-2) Efficacy in eliciting the humoral immunoreactions of CpG ODN conjugated to dG run 
(antigen: gDE2t) 

When only CpG ODN having a general phosphrothioate backbone was injected together with 
the antigen, it became apparaent that immunoreactivity was primarily induced in the direction 
of Th-1 immunoreactivity. Therefore, in order to more closely examine the efficacy of 
immunomodulation based on dG run conjugation, the 1826T ODN of the phosphrothioate 
backbone, already well known for its efficacy, was used as the control group, and the efficacy 
of M21's conjugation of the dG run to the 3' terminus of 1826D and 1826D [sic— 1826T] 
was comparatively analyzed. As the antigent, the herpes simplex virus (HSV) glycoprotein 
gD was combined with the glycoprotein E2 protein of the hepatitis C virus (HCV) to form 
gDE2t, which was utilized. Moreover, in order to more precisely observe the efficacy of 
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ODN immunomodulation, a comparatively small amount (2 ng/mouse) of CpG ODN was 
administered instead of aluminum hydroxide (alum). For the method of administration, 5 ng 
of gDE2t protein isolated from the ovarian cells of Chinese hamsters (CHO) was 
intramuscularly administered together with 2 of ODN (1826D, 1826T, M21) to Balg/c 
mice; four weeks later, boosting was conducted, and two weeks thereafter the humoral 
immunoreactions were examined. In the ELISA analysis, the Hgh-E2t protein derived from 
CHO was utilized as an antigen to specifically observe anti-E2tIgG2a reactions, and 
anti-mouse IgG2a conjugated with HRP was utilized as a second antibody. These results are 
also shown in Figure 4b. 

When the immunoreactive IgG2a titer of representative Th-1 was examined, the 1826D ODN 
of the phosphodiester backbone showed an extremely low IgG2a titer relative to E2. 
However, 1826T, transformed through the phosphrothioate backbone, exhibited the same 
high IgG2a titer as described in existing reports. In cases in which M21 conjugated the dG 
run to the 3' terminus of 1826D, an approximate 50-fold higher level of IgG2a reactions were 
observed as compared to 1826D. These results can be considered identical to the 
above-mentioned results (7-1). In other words, the capabilities for inducing the Th-1 
immunoactivity of CpG ODN of the phosphodiester backbone based on dG run conjugation 
have increased. 

(7-3) Efficacy in eliciting the cellular immunoreactions of CpG ODN conjugated to dG run 
(antigen: gDE2t) 

For the sake of more precise examination, CD4*T cells were isolated from the spleens of 
immunized mice, and the cytokine isolated during activation were examined. 2X10 5 of 
CD4*T cells were treated with E2t antigen isolated from the ovaries of Chinese hamsters 
(CHO) in respective densities of 1 and 5 ng/ml, and the cells were cultured for 5 days at 37° 
C. For the sake of comparing the degree of secretion of the representative cytokine IL-4 of 
the Th-2 immunoreactions with the representative cytokine IFN-y of the Th-2 
immunoreactions from the medium, the type of immunoreactions was determined. As can 
be seen in Figure 4c, the observation of a high IFN-y/ IL-4 ratio became apparent in the case 
of inoculation with M21, as compared with 1826D. Moreover, these results were also 
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observed in the inoculation of 1826T. In other words, due to dG run conjugation, it was 
observed that the immunoregulatory capabilities of the CpG ODN of the phosphodiester 
backbone induced immunoreactions in the Th-1 direction through methods similar to the 
transformation of the phosphrothioate backbone. 

<Test Example 8> Improvements to cytokine secretion capabilities based on the introduction 
of phosphrothioate transformation to both termini of ODN 

In order to further increase the resistance against DNase of phosphodiester CpG ODN in vivo, 
with which the dG run has been introduced to the 3' terminus, in the present invention, the 
base conjugations to the two termini on both ends of the CpG ODN were transformed from 
phosphodiester conjugations to phosphrothioate conjugations. Following the respective 
substitution of the two bases at the ends of both sides of M21, which causes the highest 
degree of secretion of IL-12 within dendritic cells, with phosphrothioate conjugations, the 
secretion capabilities of IL-12 were analyzed in comparison with 1826T and M21, through in 
vitro testing. These results are shown in Table 6 below. In the table below, the lower case 
letters indicate phosphrothioate binding, and the capital letters indicate phosphodiester 
binding. 



{Table 6} 

Effects on Cytokine Secretion when Both Termini are Substituted with Phosphrothioate 
Binding 



Name 


SEQ n> 
NO 


Sequence 


IL-12 (ng/ml) 


1826T 


1 


5' tccatgacgttcctgacgtt3' 


5.41±1.28 


M21 


14 


5' TCCATGACGTTCCTGACGTTGGGGGG 3' 


3.04+0.57 


M21E 


18 


5' tcCATGACGTTCCTGACGTTGGGCgg 3' 


6.03±2.19 



As a result, M21E, with which the phosphrothioate binding was conjugated to the two bases 
at both termini of M21, exhibited a two-fold higher level of activity relative to the stimulation 
of EL- 12 secretion as compared to M21, and also observed higher standards of such activity 
as compared to 1826T, which had before shown the highest capability for EL- 12 secretion 
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with dendritic cells. These results demonstrate that, through introducing phosphrothioate 
transformation solely to both end portions, the stimulatory activity of cytokine secretion is 
further increased, and DNase resistance is further strengthened. 

Effects of the Invention 

As observed above, the transformed phosphodiester CpG ODN with the dG run conjugated to 
the 3' terminus of the present invention exhibits high levels of activity for inducing th-1 
immunoreactivity, and, differently from previously disclosed CpG ODN transformed through 
the phosphrothioate backbone, due to its avoidance of inducing toxicity and increase of safety 
in vivo, may be utilized as an effective vaccine adjuvant and immunotherapy agent. 
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(57) Scope of the Claim 
Claim No. 1 

With a phosphodiester oligodeoxynucleotide (ODN) having immunoactivity, dG-modified 
oligodeoxynucleotide which is characterized by being conjugated with deoxyriboguanosine 
(dG) run. 

Claim No. 2 

ODN of Claim 1, in which the dG-modified oligodeoxynucleotide is characterized by having 
a CpG motif. 

Claim No. 3 

dG run of Claim 1, in which the dG-modified oligodeoxynucleotide is characterized by 
conjugation to the 3' terminus of ODN. 

Claim No. 4 

dG run of Claim 1, in which the dG-modified oligodeoxynucleotide is characterized by 
having a nucleotide length which is minimally 4 and no greater than 15, and by the presence 
of a minimum of 4 dG runs. 

Claim No. 5 

dG-modified oligodeoxynucleotide of Claim 1, characterized by the substitution of 1-3 
phosphodiester nucleotide conjugations of the 3' and 5' termini through phosphrothioate 
conjugation. 

Claim No. 6 

ODN of Claim 1, in which the dG-modified oligodeoxynucleotide is characterized by specific 
binding to immune cells having SR (scavenger receptors). 

Claim No. 7 

dG-modified oligodeoxynucleotide of Claim 1, characterized by specific action on antigen 
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presenting cells including dendritic cells, macrophages, and B cells. 
Claim No. 8 

dG-modified oligodeoxynucleotide of Claim 1, characterized by the promotion of IL-12 and 
TNF-a secretion from dendritic cells. 

Claim No. 9 

dG-modified oligodeoxynucleotide of Claims 1 and 5, characterized by having the Base 
Number Sequences 2, 9, 14, 16, and 18. 

Claim No. 10 

Claim in which the dG-modified oligodeoxynucleotide of Claim 1 may be utilized as an 
effective ingredient in a vaccine adjuvant and immunotherapy agent. 

Claim No. 11 

Vaccine adjuvant and immunotherapy agent of Claim 10, characterized by being additionally 
utilizable with different antigens. 

Claim 12 

Above vaccine of Claims 10 and 11, in which the vaccine adjuvant is characterized by the 
prevention and treatment of infectious diseases such as AIDS and chronic hepatitis C. 

Claim 13 

Above therapy agent of Claims 10 and 11, in which the immunotherapy agent is characterized 
by being utilized in the treatment of allergies, asthma, and autoimmune disease. 
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< 223 synthetic CpG oligonucleotide with a phosphorothioate backbone 
> 

< 400 1 
> 

tccatgacgt tcctgacgtt 

< 2102 
> 

< 211 20 

> 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 pl9 

> 

which is a phosp oligon havin a CpG motif and 

hodie ucleo g 
ster tide 
putative dG 



run (GGGGCG correspondin to 
), g 



20 



of a 

< 400 2 
> 

ggaaaacgtt cttcggggcg 

< 210 3 
> 

< 211 14 

> 

< 212 DNA 



mpicillin resistant gene 



derived from 



2293 

2312 
pUC . 19 



20 



< 213 Artificial Sequence 
> 

< 220 



< 223 pl9d which is a phosphodiester oligonucleotide having a CpG motif 
> 

< 400 3 
> 

ggaaaacgtt cttc 

< 210 4 
> 

< 21120 
> 

< 212 DNA 
> 

< 213 Artificial Sequence 



14 
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< 220 
> 

< 223 Ml which is a phosphodiester ollgolucleotide having GpC sequence instead of CpG within the CpG 
> motif of p 19 

< 400 4 
> 

ggaaaagctt cttcggggcg 20 

< 210 5 
> 

< 211 20 



< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M7 wherein GCCCCG is conjugated to the 3' terminus of pl9d 
> 

< 400 5 
> 

ggaaaacgtt cttcgccccg 

< 210 6 
> 

< 211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M13 wherein GGGCCG is conjugated to the 3' terminus of pl9d > 

< 400 6 
> 

ggaaaacgtt cttcgggccg 

< 210 7 
> 

< 211 20 

> 

< 212 DNA 



< 213 Artificial Sequence > 

< 220 



< 223 M14 wherein GGCCCG is conjugated to the 3' terminus of pl9d 
> 

< 400 7 



37 



ggaaaacgtt cttcggcccg 

< 210 8 

20 

< 211 20 
> 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M15 wherein GGCGCG is conjugated to 3' terminus of pl9d > 

< 400 8 
> 

ggaaaacgtt cttcggcgcg 

< 210 9 
> 

< 21120 20 

> 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M16 wherein GGGGGG is conjugated to the 3' terminus of pl9d 
> 

< 400 9 
> 

ggaaaacgtt cttcgggggg 20 

< 210 10 

> 

< 211 20 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 

< 223 M19 wherein GG is conjugated to the 5' terminus and GCCC is conju gated to the 3' terminus of p 
> 19d 

< 400 10 > 

ggggaaaacg ttcttcgccc 20 

< 210 11 > 

< 211 20> 
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< 212 DNA 
> 

< 213 Artificial Sequence > 

< 220 
> 

< 223 M26 wherein GG is conjugated to the 5 terminus of 3 CC -deleted M 19 
> 

< 400 1 1 

> 

ggggggaaaa cgttcttcgc 

< 210 12 
> 

< 21120 

20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M27 wherein GGGGG is conjugated to the 5' terminus of 3'CGCCC -del eted M19 > 

< 400 12 
> 

ggggggggga aaacgttctt 

< 210 13 
> 

< 21126 

20 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M20 wherein dG6 run is conjugated to the 5' terminus of 1826D 
> 

< 400 13 
> 

ggggggtcca tgacgttcct gaegtt 

< 210 14 
> 

< 21126 

> 26 

< 212 DNA 
> 

< 213 Artificial Sequence > 

< 220 
> 
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< 223 M21 wherein dG6 run is conjugated to the 3* terminus of 1826D 
> 

< 400 14 
> 

tccatgacgt tcctgacgtt gggggg 

< 210 15 
> 

< 211 11 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M12 which is a phophodiester oligonucleotide having a single CpG motif 

< 400 15 
> 

cttaacgttc t 

< 210 16 
> 

< 211 17 

> 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M22 wherein dG6 run is conjugated to the 3' terminus of M12 
> 

< 400 16 



cttaacgttc tgggggg 
< 210 17 



40 



<211 17 
> 

<ZU DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M23 wherein dG6 run is conjugated to the 5' terminus of M12 
> 

< 400 17 
> 

ggggggctta acgttct 
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D l*l*r 9** naiH^tr. 



$r £3£ 332^3 d l ^7 r # CpG £3 jldl^lTrtisfliL^E. $3*H ^ 5)0.^ 

«l* £tt CpG Ir^aHHI^Al^f-^I^EjHS) 3' ^a) 3 i^^Al ( dG ) <?t#>H££ *«A]fl o.s.M| afl?HlS. 

*r-8-*H (scavenger receptor. *l*r SR^ #)f- ^ ^SHi^l ^ ^°13Si 1#^§- $^13 £.£ T xflSEj- 
°J -l(Th -1) 33*H3* aHWr 1 ^ <?1*H ujjAj g ^a^sl -fr-g-^ CpG 

ODN g*8*H 3°lCr. 



CpG £3 JL-^efl £3 H (oligonucleotide. °l*r 'CpG ODN'oleJ- fH}.)^- 41 ^ £ ^'JhS"* S.- 3 ?- 

^ISt Sit -ff-§-^> 33 2:%*3. <£%*\ $a4. CpG ODN€- ^S. ^fl ^A) (antigen presentin 

g cells. °l«r APCse}- ^ 1"<H B IS., cfl^>Hl5L(rnarcrophage) S ^r^7Hi(dentritic cell)* 
^ ^S^flMl #^%o\\ ^JELt AH £7r?l (cytokine) 2J «-Blvt^A] -^^(co -stimulatory molecule) 2] 

Af^o] /g^s) ^w^. ^.^ gt*);| oiq-QOinman. D.M.et al.,PNAS USA93. 2879 -2883. 1996; Kri 
eg, A.M.et al.,Nature374. 546 -549. 1995; Jakob. T.etal.J. Immunol.161. 3042 -3049, 1998; Sparwasser 
. T.et al.,Eur. J. Immunol. 28. 2045 -2054, 1998). CpG ODNtt APC2] "?9i#(endosome)-2.S. ^-°JS]jl a 

Aj^ol ^3°. 3. A^-^^. -*7l CpG ODN°l S^f^ i4# -B-^^tfl ^aflvfl -41 

4^* ^^^1 £^ 0DN21 CpG «?l*}*r^ ^i^MI WL<&*1 «■ 7|^.^- o>2| o & v^^ y 

^ ^4. 



CpG ODN* #* <§-3i7rtelU3HJL^ ^ iflafl ^ 3M|*Hr •§■«« ±4: (nuclease) 3 

Sfi *j?fl #*U3<H a SJ*r3. ol^-g-^-i- ^^7) CpG0DN3 £4ii3.3.SL°fl°m 

hosphrothioate backbone) £3. TO3"& TO^l >M-§-3<H #3-(Stein. C.A. & Cheng, Y.C.Science261, 1004 -1 
012, 1993). S4:i3.3.!2.i 0 lS 3t<>l 3^3 iiS-t^H^N l#(pho Sp hodiester backbone)*!) ^ afl «j 
<*r**4£4| £<>rCpG0DN3 /gjQifl ##7l#^7H^5ab^£ 0 l-§-#2<>)3. :l33 3xf 

£ *H) 6 1 iLH^ (Monteith, D.K.et aL.Toxicol. Pathol.27. 307 -317, 1999; Wagner, H.Adv. Immunol.7 
3. 329 -368. 1999)°)] 33 CpG 0DN3 §3"§- i^aS^A 0 )] 0 ] k £#.o.£ Vl^^l^lfe- TO* ^.^i SW * 



»H 33 £ TO^Bf* CpG ODN3 £3*^* ^iWW^H °J*fi°J| 3433 34:3^ ^ Slfe- 

3|S* CpG ODN S^f- #71 3*11 £3. £££334)413 CpG ODN3 3' TOtt £33 3*33 

j^o^aI 04^^ (dG run)-g- 3^33$ B 4l3L, cJ3>|£ 5} ^7|A|aSf fto} *Q7Hi ^-Ml (scavenger 
receptor, 33 SR33 #)f- iWKr 3341X3.3 4333 7^s1-7l| t £ o>33, >8*W<HM Jii T *1| 

5. -l(Th -1) $3 ^-cfl^H, -g-«HiL4:°ti 3$ CpG 0DN3 3*I*W £4: ££3-5. 413 £ ^3 

3*r <H:3 «a| MH3 4 A ^# 4331b 3433 3 3 &-§--§■ 3^3^ ^ #3^££3 £ TO£ 3^333 



TO 3 3 f -23- *R? 7) -£3 331 
* t^sl 43* Th -l 3«f*M§* 3^333. 6 J*H 3-33|b 3433 333** 3£SH_> £4:£33 

34:3 CpG ODN <a%«fl-g- *l! Wfer £33. 

* TO3 43* SR# ftfc 334)£41 4333 3t*3 ^7>^ CpG ODN 3*g*Hf- *WHr 333. 
q. 0 > 7 > £ TO 3 43* ^v 7 | CpG ODN 3*§*Q# 33 iLSafl §3 333£3l£ 3-*3b *£# ^^-^ 233. 
TO3 11 3* 

W 43* TO33 3*8. £ TO* 3' §3i lfl^AlBIiT'd^ «3^1^(dG run)<>l 1^ 5* 
CpG 2.3 =f - 3Eiatr°H>t^ ^-BlaIcl1^^7f€^J2-E;H(oUgodeoxyn U cleoade. <>l*r , ODN , «>l^ * v ) 

•& TO* A J-7l dG ^^^^^1 CpG ODN § Th -1 -R-^^ ^wuj^ 2 g 14 

. 16 21 tt 18S ^7]^<g^. ^ CpG ODN««*ll-^*ttcf. 

a«- * t^* A cJ-7l d G ^^^tol ^^-^ CpG ODN-I- «|4lJi2^ U ^^^m^ilS. A r -§-3Rr -§-£!■ ^-^t3:4. 

£ 'ODN^lHr §* ^^S>-§-# * 51^ 11-26 nt *H<>! ^2«|^lfr*e|2.6)£« 3 n l*VH 

. 4*1 'CpG ODN'* tf.Sj^-^-i: 46fi4)b CpG 2.35.(5' Purine p urjne CpG Pyrimidlne Pyrimidine 3')# ft 

'dG 9i^^'<>]^ cl)4AlB]iL^6> t ^ol 47)) 0]^ 0£ i^j^ol^A^ ;g*vo s CpG 0 DNi «g 



£ tf^-M pl9 ODN °W pUC19 f-Bf^lHS) amp r -8-3*HW -fi-Hfl^ ^-S-C^l-^ 2293°1H 

2312). * UreSI ^*H^fe GenoTech(t|*K cfl#nl^)AH ^Sl^oj ^i^gt|.. cff. 0DN#£ pi 

9 ^ o]v) %^o] ODN ^<£^ dG SHHS-i- 3' ££4) ltM?l *D3. fM0*M <a?ll £-§- 514. 



i^i^ElioflolS. It}-!- ODN-a- *1|£MH **|*rfe- ^ ±3.1?*] SJLsH 

°1H 0DN3 *fl-7l# ^§^r £4. 3$. ^oj| 5]$- til-H-«l*j ^ 2] -fj- 

1*3. °dn <&W<i tf* $4. £ £^*r^<>l 3L±SL3,B]£°1MS ODN(50/«)-§- 

6 e v f-°1-H- *r°lH4Al-o)=s. *1el*M CH0<>1H -frail* gDE2t 5/«*r #*(| ?H £4, ^W-$HM 

anuloma)<>l iWRr 3i£ *K!*r5a4. S^Z^o]*^ Sfl* ^ CpG 0DN§£ Ml (in vitro) ^9 

£ #•£ ^ Ml (in vivo) *1$°IH3E H|^6]^ g 44M]*1 «"^a(i4;o| cfl# 

*1 #tt ««J4MJS| ^# 3*W TO^Mfe. dG ^Ai^-g- i^cH^e] 23 C pG 



& 3' dG a -i<*aj>-§- 4f£*^-Sr *7fA]*i =r Slfe CpG ODN#* >H^i2 

5] P 19. ^Itfi 95] M16, 142} M21 % 162} M22<y 4t*l*r4. 5' dG ti^HS 

«>1 3 -fit dG <^1<g<>1 3fr3*1 3*3-4 4 35L3L ^I^l^lioJi^ oJe^ .^(mterleu 

kin -12, °I«1IL -122)- tf)7 r *ulsW.£*|3| 5' dG S^MSfc CpG 2.4 = 41 *]Sfl -fr£.£j^- IL -122) J^u^^^. 
^m^. 5' dG 3' dG tt^M-a^ ^A^o) °fl 4*lHfe 4S. *t 9i *1i 

M13.2] -fr°J 33- ±4^1 3' ^-r-7> 5' *«-ofl dG "Si^^ol ^tht" ^-fiL4 « >H1 

XM1 -fr^oJH 33 Jl^ajolcf. oje)^. ^ ^. oj£4£ dG oj^^A 4^. <g7l. d C « 

^iis. % -fit- 4^1 rf M4dG •a^isi jL4<y-i- ^- ^ ai4. 



IL -125] ^RUg4H r^HSfe ^. dG 9!^^ 6 1 CpG ODNS] 7^ ^X7} El^ 

°lfe" *r^7l4|i7> ^B^MI^ -Pr£°fl fl-9a?oH IL -12*f Th -1 -frSofl ^*-|- 

*|-7l n|JE-ol4. ^§7|>flH^ cfl^^i^l ulsfl ODNi cHtt ^^6) 4«11 ^1^]-. dG ^a^I 

^th^ CpG ODN^ tfl^^iJicl- el 50 u]) o]^. il -121- #o] 



«■ a ^5l ^AH^ /g^o, ^^«.e] «.3l^^A^7l^ 5 ol] tH^^^^SI ^(lnvltro)^4CpG0DN^^ 
A J-i-7HS.l- ^«f<H ^m*}^ - a (tumor necrosis factor - a , °MTNF - a BJ- #) ^ IL -12# fee- t"-^5. 
J2. #534. 4 7 <J- Ml tfl^HiM- B il -12f- -R-£#^cf. 0]^^. 

CpG 0DN1-21 3' ^<>1| dG <a^<Mo) ^^.jg ^Jf-oi|Bl. u)-e}-u)-^ ^0.5. 5- 3*°^ «lf- ^ 

81534. 



^^^S£l i^°ll ^«r^ ^-g-*J ^ <H4tt ^r-g-^li 2ja| d G <?Wt 0 l ^t v € 0DN21 ^fla 1^1 *]^°\ 
^b^l -a^«l-7l ^38 el^H# ^thMhft 34, £ dG ^^^<>| 3^3 0 

DN31 Afli ^t^- SR -Ai ^l^o] g^TVHoll 2l«fl>*l^ ^^fitjfl i^, *)3.^ dG 0DN<^1 SR - 

a ^HAj*. 5.^ ^j-^f. >|2Ema -fKl^-i- 1 4"- Si4. 



£ 3*11 *)]££ dG •S^^l-I- CpG ODNl-^- 47l)3 7}^±S. o)^o)# 4^^2(f 0u r -stranded helix 

)5l EflmeH-^l±i(tetraplex) u i#<>H %Ml*l|*Hi3 SR°f| H 14 iliflS] CpG OD 

N§3 *£# f*M^ ofl^cr. ^Heft^i ^ife dG 3*11 ^I^lfc- G -4^3] (G - 

quartetH 3*11 <&y%^JL $34 5i-°4 dG <3^<M 14 StS^ CpG ODN°l APCsSj- £#4:2. -fr^Sj^- Jr-frofl 
°]*i4. SR43 1#4] 3*> ^-§-*l| 4 e lsn tt J21 <*4MI 'g^-i- D l*l£- %±S. <&%z\ 514. if - f- 
<H telll -BSA(maleyl -bovine serum albumin) 7> SR^I] l^-'d ^33 *|4H£ 0 1I4 TNF -a -fr#43 #47r 

AjL34 5*4. ne]4 °13b tfcfls. 3«f a||3MM $-4% tfl^S'fM LPS*fl 3*11 -fr£3£- il -123 ^ 
tf£ 4*fl€4*r £-3-5. 5*4. £ ££tf| G _ A ).f^ 4*flp>o| S R4 TNF - a ^ IL -123 

44£?r*!3 f>434 S^rr ^^.S. J1514. *]^3± 4*1€- dG 6 ^*l££ #JEL 5W u J CpG S.E]i7 r 

#71144 &b Ml £b M16GC°fi 3*Mrr 4< 1 l: E .4 , ?}3 &5S\z\ ^±S.^-Z] $ 514. 44*1 

<£7>£ ti^feS* 44M)£^r 44 $n*\$t dG ^-^<Mol ODNS1 3' £4°fl g#4£ 2£ f-£ ODN 4*fl7 r Cp 



dG 7J6)^ e)]S4#^ ^- yes. ajo^ 47^ dG?} lt v € dG <S 

°l 1&44 dG7> 67fl 3-f 7)- IL -123 jS^^. dG <U. 3 l°]7 r ^44^ 3* 

IL -123 £wl^£it e *H7r Si O-M-. TNF -a3 ^-?-<>l]^ dG 7} 157)1 3 o.ofl 7 >^ -S-wl^Sf- 44\3 

4. 44*1 ^afMH*! 4^3 TNF -a £«l7 r 441 ^ °l o £s dG ^>-xi<§£] ^^1^- 34.$ 4711 ifl4 1 

57)| <>143. o^^ltr 24 4^444. 



£ dG <?i^M<g6l CpG ODN£ 5" SItt 3' ^^2) «§7l i^.SS.Elioflol e 1^0.5. 

5" Efe 3' *G4M 1-3 7flS] "S7l^t^- ^^t>|?1^. 4^*1-4. 
ji4 4#^*>7fl^ ^ 27)13 <S7l^t v -l: -fl^^l?! >I«S!± 183 M21E# «l-8-^ ^ 



^3 -a««fl 8i 4=^. 3' tftf<* dG Si^^oi s.<a^ £ ^5L4 d HiEl CpG 0DN3 -*S ^1 i-fl ^^V 
°fl ^1^4 C1^- %7}*]?}7] 3*11 ^ ^3 dG ^^«a^1 1^ C P G0DN3 W t^°fl^ t 7)13 ^7l^ 

iilSE|2l«|E l?, v ^ «S^«r^ ^Hli^ AloH^oj ^Aj-ofl iA>^5gt|.. ^Sfl 

a| iS. ^**7Hi«|^SI IL -12 -g-Hl -fi-c 7 ^ ^o]^+ M 2i£l ^ ^^.dj = 7flS j g 7 |^. zj-zj. j^jc^ 

Elioflo) s ^^0.3. 3 A^isi aj^^. aI-o) e. 7 |.oi -g-wl^-g- i 8 26T ^ M2l4 »1 H*r£4. 14 «8= 

^ tttf ^ 71)3 ^7H i;hi5.Eli<H|olH ^^.o| £ <y«g CpGODN^S- 2iitr*Hie| It^.S °lf-<H^l M21 
a.4 il -12 -S-Hl-^ej-!- 1-^ a^- *tt<»] 5.^x^.3 a*H«1h «l-f-<H?i 1826T il^s. 

il -12 **i mm ^ 51514. ^-e- °<h* t^i^ iiis.3-2-->iioiE 

vi4. 



£ "i^ofl 3«B CpG ODN€£ iLi^il (vaccine adjuvant) % "S^l^lS. -^--g-^Tfl 4-§-^ ^ 2J o.^, 

^Bfl S. 71 (allergy). €3, 47>«^«« f-3 $Sj*lSL*| ^ AIDS. C^ ^ ^><§ -f-3 ^H-^l cfl^ 

9! ^^13 Aat3<S. ol-g-^J 514. o]ufl ^^^-§-1- f£S}24 4^ ^€4 A o^l ODNf-^r 0.1 - 2.5 m 
g/kg3 ^-5.5. 2-4^ ^4^-5. 2 -3 ^-°J3^ 4#3)44. #-$H cfl* 0DN3 0.2 ~ 10 91 

%o] Hf^ajSfcf. t£#t£ ?I^|ofl 4-- 51^ ajAl Ji^oj oj-s n] ^ ^o)h^aHH (aluminum hydroxide)^ 

&± ^-£.0.5. 5IH 5-^-^4 (intramuscular) £^ 44^4 (subcutaneous) 3 ^ ±3. ^1 

t 5i4. dG ^413 3' l^H) 21 «8 Jl^o] ^ 7 }€ ODN M16. M21-& 44 ^?H4 Th -1 ^^-§-<y IgG2a 
^ ^ CD4 + T iL2:>)|as43 -r/°J3^ -4 (IFN -y/IL -4) £«1 44\H4. 



< -SAW > dG 3 - £13.41 CpG ODNtS] 3(a 

dG £^^21 Sl4# S^i4 0 l°ll^E| ^3 (phosphodiester backbone)-!- CpG ODN°IH 4*W 3] 

3] Ji^^lt Al (deoxyriboguanosine) 'S^H'S-l. ^£|£. ^7]^^ (putative dG run. GGGGCG) 4 CpG 2. Ej a 
°J AACGTTf- #3. °Xt 31$ ^HH: 34*84. n. 14pUC19 tH WW ft^Ki a 

mp r S] 2293 -2312^.^ 207fl <§7)2. °}^-<H$> *m*}%jL. °1f- p 193. TJ**r5*4. £tb 3£i?.2.3. o| 

#4H 1*31*1 CpG ODNS! 1826(Jakob, T.et al.J. Immunol. 161. 3042 -3049. 1998)£ 44 &± 
3.3.*\SL<4<>}E. t3 (phosphorothioate backbone. °1*> 1826T4 #) 3E-& i±£4°Wi2r3 -5-3 (phosphodieste 
r backbone. 1826D4 #) °. £. GenoTech4°fl th^-fr 5}3l*H ^i. 4-§-*l"Si4. #4 ODN#£ ^±3. *H 
0 J-¥- "844 *l$5l7]4 d G ^H<I(dG run)^ 3 - £^ 5 ' ££6fl £#4?1 0DN-§-§- *fl:3i*l-34. 

•#44 £-8- •fl-IUs. *>4 a io| 44tf #± ^-slji^#BfliE]H# 3^*84. *4 a i«HH 44 
£1 0DN°i| £*»«Hr CpG fi^B -f^f- 44*1 jL. tfl*4fc £££4°H^&I 4i£4tt Ai^lS 

2££ 44\fi4. 
[Si] 



€■ tf^HH C pG ODN #2] <37H £ 








1826T 


1 


5' tccatgacgttcctgacgtt3' 


1826D 




5' TCCATGACGTTCCTGACGTT3' 


P 19 


2 


5" GGAAAACGTTCTTCGGGGCG 3' 


P 19d 


3 


5' GGAAAACGTTCTTC 3' 


Ml 


4 


5' GGAAAAGCTTCTTCGGGGCG 3' 


M7 


5 


5' GGAAAACGTTCTTCGCCCCG 3' 


M13 


6 


5' GGAAAACGTTCTTCGGGCCG 3' 


M14 


7 


5' GGAAAACGTTCTTCGGCCCG 3' 


M15 


8 


5' GGAAAACGTTCTTCGGCGCG 3' j 


M16 


9 


5' GGAAAACGTTCTTCGGGGGG 3' 


M19 


10 


5" GGGGAAAACGTTCTTCGCCC 3' 


M26 


11 


5' GGGGGGAAAACGTTCTTCGC 3' 


M27 


12 


5' GGGGGGGGGAAAACGTTCTT 3' 


M20 


13 


5' GGGGGGTCCATGACGTTCCTGACGTT3' 


M21 


14 


5' TCCATGACGTTCCTGACGTTGGGGGG 3' 


M12 


15 


5' CTTAACGTTCT 3" 


M22 


16 


5' CTTAACGTTCTGGGGGG 3' 


M23 


17 1 


5" GGGGGGCTTAACGTTCT 3' 



< 1 > dG H4?*\ 2°] q$ 3 ^ (spleefl) ^ #eJ ^. 4^71* JE(deodrtUc cell)£Jf 4 4o|5?}^2l * 



W ^Aldj|oj|^ afl^g CpGODN-i-51 4**4144 4«H 4 6-8^^S.£) C57BU6 W 1 

3 («**-il«S*4!4)4 44(s P ieen)^-f-El t^Hif S-eW CpG 0DN#£ *143: 4 44 ^4A r oi4 
- a (TNF -a)4 *!4^Q -12(IL -12)51 *432£* 2:4484. 



T^f^WXS] 71^2) iLJl(Singh. Netal.J. Immunol. 160, 4849 -4880. 1998; Ridge. J.P.et al.,Scien 

ce271. 1723 -1726. 1996)«H1 4#2] 4-f±2) 4*4|£(splenocytes)f- £4 »K k f- 

2JH^°fl 903-# 4^4^ 4|£ (non -adherent cells)!" *l|7l# 4£. *fl£(adherent cells)<H| 

10 ng/ml4 2fli£?}- -"j^ GM -CSF (granulocyte macrophage -colony stimulating factor, R& D System) #*H4 
«fl «B^5a4. «NMM «rtt **M0 4# (percoll density gradient) 

3. £hR> 4-S-. 3*13.° iM^ <--^#7l>Mli-&6l 4-§-4$4. ixio 5 7l)2; ^1-71 

>Hl5L°fl 442] CpG ODNl-i: 1.5 fiM$ *Z3. *|el<r2 104£4 3o4# 44 uU^ojj^. ^444 £4€ TN 
F - or 3i IL -12 A 6 v -§- ELISA (Mouse TNF - a DuoSeT ELISA Development System, TOTAL MOU 

SE IL -12 DuoSeT ELISA Development System; Genzyme)-|- °l-8-«H ^^S^. H 141 47l 121 44 

^ cfli^S.^- 3£f-34444JE(lipopolysaccharide. 44 LPS4 #)■§- 4-§-43lt. ^ U|4 
>M-§-*H IL -12 S TNF - a 2J ^WS^. 

[312] 



^1-7H) 5) AH£?r«?iaL -12. TNF -a) 44tt 



13 




IL -12(ng/ml) 


TNF-ff(pg/ml) 


1826T 


l 


5.41 ± 1.28 


2768 ± 628 


1826D 




0.37 ± 0.07 


134 ± 58 


pl9 


2 


1.32 ± 0.31 


640 ±96 


P 19d 


3 


0.07 ± 0.01 


25 ± 3 


Ml 


4 


0.05 ± 0.01 


27 ± 3 


M7 


5 


0.09 ± 0.02 


30 ± 3 


M13 


6 


0.07 ± 0.01 


20 ± 1 


M14 


7 


0.05 ± 0.01 


22 ± 2 


M15 


8 


0.08 ± 0.02 


36 ± 5 | 


M16 


9 


2.40 ± 0.77 


960 ± 166 


M19 


10 


0.13 ± 0.05 


39 ± 6 


M26 


11 


0.13 ± 0.07 


96 ± 26 


M27 


12 


0.07 ± 0.03 


64 ± 19 


M20 


13 


0.42 ±0.11 


115 ± 29 1 


M21 


14 


3.04 ± 0.57 


1103 ± 176 


M12 


15 


0.05 ± 0.01 


18 ± 3 


M22 


16 


0.88 ± 0.17 


408 ± 55 


M23 


17 


0.05 ±0.01 


40 ± 5 


LPS 




1.59 ± 0.25 


844 ± 154 






0.07 ± 0.01 


27 ± 4 i 



^■7] S.2<$ 444 31%°] ££3£i4.SHMH $3 (1826T)4 i>:J£4 0 H^E) (1826D)°1] 4«H ^4 44tf4 
*nl# 4^4. ^4pl9fe- 1826D°fl 4*fl 4 *H 4 $5. IL -12 £4f- Ji$4. o]s\# 

*$$\ S4*r dGS. ^€ (GGGGCGH4 dGt dCS. *)$444 (M7. M13. M14. M 

15). *M«-§- «I|(pl9d) $2]4*l £ ^ #4. 5E«- P 192] dGS. ^€ < 3^r4'i4 dCt" dGS. 4#4$-§- 

n (M16) H *34 4* ^7 r 45l4. °)sl^dGS <S^4<i4 ±4^- 43. 4= <*7H<g 4^. z}o|f. 

#:n. CpG 0DN°M5E. "W^l 4^4. ^, M214 M227> 1826. M12°f| nl«H «44 TNF ^ I 
L -12 434]$4. ^4 dG fc^Httfr 5' t£i 3-f (M19. M26. M27)4|fc #HH 

5.471- Sir- 3.2.3. 444 ££-4-23. dG ^4"^ £4^ CpG 0DN2] 3' IWI "MA ^«fla|£.S 444 



< 2> 4# 4<Hi*r B dG Si^ltsi £4 

*rtf£7)>t£4 D ^ 7 MS ^ B ^£°1H:E dG ODN^I 4o)5.?K!Sl ^*l*rc-*l <£°}H.7) f|«H 

^fi^S] 4# 3} *leHW B ^£<H! 44 434 14 g£ o S ^^^4. 

4# 434£fe ^8* 21= 6-8^=8 C57BL/6 #3 (cfl^^¥l-^B))£) 4#^ Bfl^lS. >Hl^^oZ. 2 a) 
afltf #4°lH4 9A)# f-oj. ai|<£$. $o) hH^| S 33 ^ajsH -f^ ^li-a-^ £a1. 4-1-^551^. a«r B 41 

i*r *l2HH 4+*MJ 4£*# *5ltt 3 B 4i4 433°.! £*1 (surface marker)*?! CD19(c 

omplement differentiation 19)£ <?!-*! *}£• 4°1 3S.nl = (microbead, Miltenyl Biotech) ^fM^llL «1f - 4H 
(mini)MACS (Miltenyl Biotech)^- 4-§-«M £el*r$i}. 1 x 10 5 =r2l cfl*Ml£4 2 x 10 s 3 B 44 
3 juM3 CpG ODN-I: * 30^)^ #H 3 4#4£ <go) n, _ 12 ELISAt ^r^fli}. 

II 14 ^£7] 4£4<M4 4^7Ml 4$ «] 47J- tfl^i&(microphage)5r *1e)-£.^El &4tl B 4£4 CpG 0 
DNl-l- *Wr3-i- 44£ 3' dG -£4*1 ^l 0DN uV IL . 12 f- -g-ttl^ 5} 6.5. 44#4 

. 4*1 M164 M2l£ 4£ ODN°fi Ml 4 IL -12 «-W)-lri#^^- 4^53 Cr(£ la^lb^i). 

< 3> 3' ^fHI dG5. SHHSSI £«H1 4^ £^ 

P 195] dGS. < ?!4'M *S (GGGGCG)-i- ^|7]«r P 19dl- 42£.SL3. *H a 3" ^3:4 4°<f*} dG 

* 4*. 4*^*71 4 £4*1 ah 6j ^n)^£f - 43*).$ 4. ?44*1 -SlH43<fr 4r?l -t!*i4 is] 

* 4-3*4. a 341-s 24 4eN£4. 

£ 22) ^ Sl^o], AHS?r"?!S| «-"H^- 4 7i)o) <^a)oi dGS o^o^l dG g^Ajgoj j£o 

4-EI, 4*1 ^^Alel^^.oj.^ol 6 7i) £#3. dGe o_j nj !L . 12 S] §.u|7> 7># £43*! $2.3. 4^J*4. dG £4*1 
t2) ^6) 7 > 44 ^7>*v^ il -12S) -S-hI^s^ e *M7> SiSl °-<4. TNF -aS) ^-f dG 15 <& <4 * 
"l^S.1- 4Er4<H dG 6 7l- ODN^fl Bl«ll 2}: 5ufl ^ = d) fe^ 44x^^4. 

°lel*J- 3- ^ofl dG oj^«goj ^ojo)] aj-el-TNF - 5+ IL -122] ^l^Hf - ^^1^ ^ jft** 

< 4> dG 4^ ODN^Sl ^li « >*Hi^l * 6 J^ S. 
(4 -1) dG ^^-^^ol QDN21 ^li^t 1 -^ <^^t 

CpG.0DN5] JL4^°! t^^r 3*114! *3. MIS. °^1 0DN«l ■fi-°Jil^o|: ^4. 4^ 7M£o| ^Hfc 

^£4 >|i MIS. -8-°Ji£l^ ^£7> dG 4^«S1 ^thi £jtfl c^Tfl ^^^1 2A]-«l-5j[4. 

-§-<>! «• ##-1- 44 CpG 0DN3 3 1 4-8- 5* D J:^i #^A4-a (fluorescien) -|- fODNl-^ ^-g- 

*>^4. 4S.<* 1^*V^ fODNSl ^ IX 10 5 2] t-tff-7W£o|| 5 juMSl fODN-§-§- 4. C<>fl-H tS-°J: *1 sj 

3 PBS (phosphate buffered saline) 3. 2S| ^3J«M St* fODN#-§- *?1«fjI FACS(Becton Dickinson 

, USA)1- ^^oj ^'S*!-^^ tflS. -fi-D* fODN^l 0 o l * IX 10 5 Sj ^^7]^^ 1//M5| roD 

4. C*1H 30* ^ 2ls>Jl 37. C°1H zj-zj- 1.5 6^1 ?i ufi^*} >H|Sej-i fODN-i- ^7i^ji 

^^4. 4451 ODN°l l^«r^ 4iM)S -fr^^fe- fl^WlOnw fluores 

cent intensity, °1 «r MFI4 «")S. ^^*r^. i^l 1 ?! "flS] MFIf- 7]§°3. *H fM21<:>l MFI2] 

^7f=8i# ^-cfl3j«l 44V5 ^^x)^( binding mdex ) fij. -fj-ojAl^^temaUzation jn^S 44*1134. 

=L 34 ?>4. 3" 5 °fl dG Si^Hlol 0DN21 «tf (£ 3a) ^ ^£ ill (£ 

3b)-a- dG «4HS*] St 0DN#2l «1 4 ^^*r7fl *7>*r5jl4. t!€ dG t°l 3' t^r 3^1H| 51^ 3 

•f 7> 5* ttfcflaW « ^^-Ji4 S ^am fr<Q t&<$*\ 44 £4^<a o.s. 4^4. ^alt! i 

4rr dG «^^«| dC ^4^^S *H3 44^tt ^J°-S dG £4^3 4o|ajo| is^oj^. o> - 0^4 



(4 -2) dG ODm l^^Rr ^r-MI^ %q 



dG ^^H^-t- 3.W 0DN¥2] 4)££^ ^*tt ^-g-SH sl«f| ol*<H*lfc7>f- 2:A^7l 4j«H 

^-MM *tf«q-jL ^^^1 e}?KE#-a- #*ti *)e)*R? 1# (competitive binding assay) 

# <T*$n?W: ^, SR -AS) 3)#H.£ dG Z0 . ^^(fucoidan, Sigma), ^ (dextran sulfate. Sig 

ma)!-, SR -BI2) eRKES. LDL(low density lipoprotein, Sigma)£. CD362) e)#:E5. •§■ aRV (oleic acid. Sigma 
)£, Mac -l(CDllb/CDl8. aM02)2\ i]^SS. *\ « Blin^l (fibrinogen, Sigma)4 % v CD18 ^U^^all (Pharm 
igen) ^£ A}-§-*r$m. o.25mg/ml *£2] 2]*KE 10 fiM *£2) dG 20 # 1 j"M ££2] fM2l4 

3£€ fM2l5.-¥-El£] MFIf- #3*H ?)1Y±7} 0DN2) *f|£l§<>l| c§^ ^A^cf. a % 

4SR -A4) 4 0 |3J^1 eRKEf^dG 3^*1 «i 0 l 3' fM21 0DN2) ^i-7H£°]|2] ^t-i" *H)f *r 

SIScHS 3c#2:). ^aRr dG ^^o] SR -A b)#H #b ^§-*fl# 413. xfl^ -fi-oj^ 

< <a*M 5> 5' *iHH dG 2]*}- -g-al 

U%M) 12] 4^t|^ol 5 ' ^6\] dG <g^Ai<tt- ^-f^ ^|7^I£^-E| ^ol^o] ^.H|f 

#7>A)?]^ (S 2; M19. M26. M27). J.^ 5' dG ^^H'St EflE^fSjA. (tetraplex) ^<>l>-r *r 

A cM-7Ml£ ^ v =8£fe- dG 'S^H'gol Slfe 0DN2] nl«fl ^^§1 £^g--§- <* ^ 51 £4 (^^cfl 4 ). ^ 

fe- dG ^^^21 ^-§-o] Cp G 0DN2) ^ %z]6% *i^u>ofl ^ t+Ej-^flc)-. £ ^oW*)^ dG <3 

CpG 0DN4 3*1<>(I *r€- Stf^ 5:A>«V7l ° 0 H£^ S) (cationic liposome)^ 33*1 T 

M (lipogene™ , BodiTech, Korea)# CpG 0DN4 ^-*<M-7H3i ^Hl«r<H 4|3 vfl£ -fi-°js)£- CpG 0DN2] 
•8* dG ^^21 -8-¥-ofl ^sioi ^^^5gcf. d G *!^<goj ^ ^i-^l 

3«H 27«51 CpG £E]n ? |-^. ^ ^<gifli 22] 1826D2]- 1?1|S] CpG 5.e]H d J# #b ^l^flS 162] M12f- cfli 
*H. 4^ 3' dG ^^<go] ^^-^v CpG ODN (M21, M22)4 5' D ^«H1 dG ^Al^l CpG 

ODN (M20. M23)«l -t^^/flai^ 5; a]-o] t=^<y o] .g.^ p^,^ ^g^^ 

^1^ ^f7HH 0.3//M2] CpG ODNi-l- 3 ju g 2] e\SL?g^ ^ ^"i]^ 30-g- jHe]5>Jl 4^1 

^oj- m$«rtttt. ZL •flo^ofl ^>y^ elS^l -ODN ^l^l^ral. cfAl 24^1^ c] hB^^ ?] 

°J} o.£J?- E] IL -122) ^«rS^. a ty\ S. 3 «H1 M-B^a^. 

3] 



dG <a^<go] ^^^)oj) ahb^ ^«) 



•8^ 


dGrun^^l 


IL-12(ng/ml) - Z)££ 


TNF-o(pg/ml) - ela* 1 


IL -12(ng/ml) + e|5t 


1826D 




0.37 ± 0.07 


134 ± 58 


4.15 ± 1.17 


M21 


3' 


3.04 ± 0.57 


1103 ± 176 


8.11 ± 2.19 


M20 


5' 


0.42 ±0.11 


115 ±29 


1.74 ± 0.57 


M12 




0.05 ± 0.01 


18 ± 3 


1.68 ± 0.33 


M22 


3" 


0.88 ± 0.17 


408 ± 55 


7.89 ± 3.21 


M23 


5' 


0.05 ± 0.01 


40 ± 5 


0.86 ± 0.25 


* -:dG*HH3«ISfl£M 





=L ^4, 3' ^<fl dG «3^^o] &± 7^ 2]i#4 ^ ^e]^- nfl t-tf^Hi^JM ^£5. IL -12» * 
a]«r?]] *trfe- 5^" ^ *r SiSt4. «r^lSV 5' t^i dG tf^H^o) SIfe ^^(M20. M23)»i|^ -SLS]s| dG ^^^oj 
Si^ ^ -f (1826D. M12H c) ^ "$5.3. IL -12f- t ^ ^^Cf. 6 1 5' dG ^^1^^ JSL«] 

Bj ^**7l^££^El CpG 2.E)So|| 2)31) -g-£S)^ IL -12 fil^j* ^ t ^ 



M1621 dG cfl'il jLov^\i(dA). cM^le^M-E^ (dC) % 314*1 el Ae|»i(dT) ^£ <3<*r 

IS* CpG 0DN3 3' * (M16 -A, M16 -C. M16 -T). 444 CpG ODN^l ^±3. 2j3L# 

4 ^ H T^^HiS-f 3 IL -12 31 TNF -arSj *HH 4*lrr <3#£ £a^c]-. n «4# *r7l 5 5 

"HI 4eMH4. 

[5 5] 



•33 


13 




TNF-a(pg/ml) - zjif 


IL -12(ng/ml) + e]£# 


M16 


5' GGAAAACGTTCTTCGGGGGG3' 


2.40 ±0.77 


960± 166 


4.76±1.65 


M16 -A 


5' GGAAAACGTTCTTCAAAAAA3' 


0.05 ±0.01 


25±2 


5.56±1.10 


M16 -T 


6' GGAAAACGTTCTTCrrrrri'3' 


0.06 ±0.01 


29±3 


5.11±0.88 


M16 -C 


5' GGAAAACGTTCTTCCCCCCC3' 


0.06 ±0.01 


45±8 


4.35±0.52 


M16 -GC 


5' GGCCCCGCTTCTTCGGGGGG3' 


0.08 ±0.02 


31±2 


0.15±0.03 



H 14. $H #5r-°3- ^€-7Hii CpG OEjnf. £A* Jg-Ajcfl dG tf^'go] 3. $%<H #y 

«• M16-i> dG «*<Mfc cfl4l dA. dC 5Efe dT <3^1<>1 CpG ODN# (M16 -A. M16 -T. M16 -C)<H| B)«fl 

«4*MI *a)^^A ^M)Si4. tt^fi 3ug$ 4iE#4 1MI °fl^r IL -12 

3" £<cH dG CpG 0DN1-51 -fr°Joftig. fco^ji, ^H*! aWs^oj *«W 

Sl<H^xr € 4££ *H ^ 3£ 44v54. 



< -a^<4| 7> <H*M«M dG «3*<M3 ItHI 4# CpG ODNSl ^ef^ $4 
(7 -1) dG «^ < S°1 CpG 0DN4 «Sf -fr^5:4 (*€: HIV) 



dG S^HIH 4$ CpG 0DN4 4 -Ml 5^1 4*H Balb/c 

dG ^#*1^°] l^ v € a±a4°W£3 CpG ODNi 4*11 -fr^^r 34%^-§: 24*>S4. £<i*4 0.3. 

£4MH §^^r CpG ODN'JH *£€4 ^1 ^U4fl* H ft^l** ^2. Tli -1 *$2.5- ftZ&^jL 

£44 514. 444 £- -a^^M4fc dG «^<Mfl^ 3- ^^-ofl ^.a^o^ae] CpG 0DNe> j 0 | 

5|- -fr444 ^4££-fr £ flfe*!* ^§0^ dG <34=.4«S4 2:41- ^4MH4 2:4434. 



°i-f- D l%- 44 H444H (aluminum hydroxide, Sigma)3. 44 44$ 4^1^ 4 6 13£ ^4 [human immu 
nodeficiency virus (HIV) particle] 5 //g/mouse4 50 ;c/g/mouse4 M16 CpG ODN-g- #4 £f|-44 6 -8 t"-^ 
4 Balb/c 43 ^§4 (mm^m)^ n*\^}3. ^^34. S.^ ^ €^ 33 4^ ?H (boost 

ing)-§- *l5L H. 2^ ELISA *4 ELISA ^ HIV IgG ^ 

^^«r7l 41 ^ HIV "UXH- ^€ iS. <>l-8-«rS!ll2. ^i^^ 6 ! ^4*14^1 (horseradish peroxidase, HRP 
)7\ ^%S]o\ °X±r ^ -uf-f ^ IgG _ IgG1 ^ I gG 2a (Southern Biotechnology. USA)# 44 ^^5. * r -§-«r^4 
- l^Si-g-^- EflSel-^l -^^^(tetramethyl -benzidine.TMB) -g-^-fr 4^ (Sigma)S *r-g-*W ^r^^rSCr. 



a 4ai £4«rSi4. 3' dG ^#^1ol M16t HIV °J44 ^-f 3^^S.t 

^1G (IgG)5l- cfl3L3j<y Th -1 ^^tV-g-oj IgG2a £ = o. 5 ^-S|^7|) ^7 r t* t t 5458^. ^4 3" t 
dC °1 21^ ^-f 4 CpG cfl^l GpC4 %t ODN (M16C. M16GC)tl t 3-f a S^7f njnl 

SrS4(S: 4a#2:). «>1 M16 ODN°l Th -1 ^^ u J-§-# S.*W3-3L 44WlaI JL M163 

CpG 2.4 = 4 3' t-&4 dG "S^li 4^^*2-1: *1^4. 



(7 -2) dG 3*f*ll 0 l l^ v € CpG 0DNS1 *W 333-§- C#€: gDE2t) 



SHr CpG ODN3°l <£€4 ^ ^°J3Sl# «H 333-§-# Th -1 33 
3~§- *E«:^jL gstf $J4. 44*1 d G 3^1 SJtt 332<g A4t 33- 

4#.2.3. o|ul 7l£o)l ^ ^47h § <£D|*! i^3LS.ElJ2.o||olH ^3 3 0DN3 1826T1 *H 1826D4 

1826DSJ 3' dG 3^1-1- M21S] £41- «U -g-4l*r$4. o.a^ ?i3 4°la1^(hepat 

itis C vims. HCV)3 WS!*13 E2 ^^°fl *H 3S||£ -3f-^(herpes simplex virus. HSV)£| gD7> 

g DE2t-f ^-§-*r5S4. 2L# ODNSl 332:^ £41" SL4 #tS r 7l 4*r3 $?4fr *MH^4 

°)H(alum)t >M~§-*r*l «U3 4£ °<r (2 //g/^3)2| CpG ODNl" ^<aSr34. 33 ^ *g^4 \l± 

^li(CHO)£^El £e]$ 5 //g2] g DE2t tf^t 2 /<gS] ODN(1826D, 1826T. M21)4 tf* B 

alb/c ^°JsU 3>M 4^r -f (boosting) & 5 r 2. H 4- 2^ ?H) *H<S 333-§-§- £4*}34. F.US 

A g-^-g- ¥ -E2t IgG2a 3-§"g- #tf*r7l $\f*o\ CH0*1H -!M1€ Hgh -E2t %#°2. <>1-g-Sr53 

jl HRP7 r *tf3<H ¥ IgG2al <>1*r ol-8-S>S4. 3- 14l£ 4b°fl 44^534. 



tfl£3l3 Th -1 333-§-3 IgG2a 371-1- ^V*>5a# H ^iiS.^]<i±B\ Cp G 0DN3 1826D^ E2«| cflsfl 

IgG2a 37rl Ji5a^. J234 i^5.S.tlii«>lS ^±3. 1826T£- 7]£Sl £.3.% p^|£ £ 

£r IgG2a 37 r l 4^4. 1826D51 3' ^3*11 dG 3^*1 "Ml" 1^1*1 M212J 3-?-°11*r 1826Di W]*ll 3= 50^ ^ 
£ I g G2a 3~§"g- Ji#4. °1 14b W (7 -1)2) 144 tf*l#t|uZ. t *r *14. <^ dG 3^13 IfMI £M 
S^itj-^Hl^ ^34 CpG ODN4 Tli -1 333-§- -ir-E ^-^«1 ^71-5155(4. 



(7 -3) dG «^"a°l CpG 0DN51 33 #4 -frti^ (^« : g DE2t) 

°lf c)^- 7H1*1 2:4*1-71 33€ A I33 ^lel-s.^ CD4 + T^S1- «-el*H ^^m-i- nfl -g-Hl^^ 
S^«a* £4^58 4. 2X 10 s £1 CD4 + T ^5Li ^ \+i^la(chinese hamster ovary. CH0)i^ 3.3$ 

E2t ^-a^l- WlSr5 ^g/ml£l ^Bl«ral 37TC«Hf>H 5<a ^ afl 0 ^^^. *H<& e A 2.3.^ Th -1 33* 

-g-s] cflfi^3 4°m?V33 IFN -7 Th -2 33*-g-£l cfls^3 4 6 lS?>33 IL -4£l ^-«|^£f- alafo^ 

33»J-g-5l ^<3£ 1^*>SJ4.£ 4ci4 # ^ S(* 0 1 1826D-H1 wl*fl M21# M IFN -//IL -4 

£134^ 5^ ^ ^ St> ol^^ 1826T1- ^% v s|Slcl-. ^. dG 3^113 ^ 

t^-S. 3«H iiii}°H^El CpG ODN^l 3321 HiX5.HliLoflol s #q^S£l 3^4 -8-A r # «J}- 

xjjo^ Th -1 *$°s. -y- ^ 514. 

< ^^°ll 8> ODN ^-3°11 5^£SB|j2.oi]o)E ig^o) £ ojoj| 4°l£* r 3 &*] ^ *W 



3' £3°fl dG 3^^^«1 £°J€ Sia4°H±6| CpG 0DN3 #«Bsi^ C-l^- ^7fA|^l^l 

U^olHtr Sii4°H^El CpG 0DN2) ^3 -t- 7ll$ 37l^^# i>iS4«>Hl>iEl 3tMM i^ii5.El 
3^5r55(4. ^**7HiH-H 7RV ^ ^JE^ IL -121- M21S) W # v 7fl2l 37] 

# 4^ £^3L3.E1.2.<HM h 51 (M21E) ^ajSI -fl^* -f Sfl IL -12SJ *BlT«f-fr 1826T ^ M2l4 

»U -g-*j«l-at4. a. 141- *f7l 3. 6 <H1 44M1514. ^7l £°1H i-g-^ i^i^Eliofl^E o. 4^7.}^ 5. 
^X4 <J H1^4 it v l- 44\54. 



[5 6] 



<3%' 




11 


IL -12(ng/ral) 


1826T 


1 


5' tccatgacgttcctgacgtt3' 


5.41 ± 1.28 


M21 


14 


5' TCCATGACGTTCCTGACGTTGGGGGG 3' 


3.04 ± 0.57 


M21E 


18 


5' tcCATGACGTTCCTGACGTTGGGGgg 3' 


6.03 ±2.19 



n 14. M215] d <m t 7fl *) <g7H i>-.iS.^J2.oi|6|e £ <y# M 21Err M2H u]*fl ^ «1) £2 

<r A <}"§-7H£°fH 7># IL -12 *ul ^a]f- j±£3 l826T°fl 3 ^-2.3. IL -12 -S-H1 *}••=- 



°HMH »r*l- ■& dG <3*^ < a*l 3' i££ttr°l 41:2:3 CpG ODN£ T 

h -1 gSHh* JLoH, 7l^ofl ^s}:*} SiSS.Ejj2.4M e §30.5. CpG 0DN4tr 33 **vW 

-H *-N-Ml*l tf^o] 3^4 vs. ±43*1 s.^ 3 «W sails. 4-8-1 ^ $13-. 

(57) ^3 $3 

£34H0-g-£fe £i£cH°fl^3 -a-EUtfl*Al^#5fl£3H(ODN)i %<>\*\, cfl^l5liL^>2n^(dG) *§>W*«| 
2. 

*0 l^i $a*H. ODN-c: CpG £E]«f- ^ ^-i: dG7> £3:M**l^£el|JLElH. 

xfl 1^41 5fl*W. dG ^#41^- 0DN5] 3' ^>iH lt£ 3-23. *t"b dG7> ^-ij€ £3 JlVl^^S. 

^ HH SH*i dG 3**1 S£ 4 157B <>1*|-Sj ^aliiqH ^©lf- 7>*H ( 47H «>ltffi) dG7> <3*SM 

Sl*r 2* 3- 3 A3 dG7f €-elJiTfte11iElS. 

5. 

*1£€ 2£ *3-2.3 SRrdG7 r ^A'€ -ir^alTr^^UElH. 
6. 

l^°fl $i°H. ODN-c- SR(scavenger receptor)t 3te 3 ^H|i4) *ol3°.3. £*V«j-^ 5^. 3.3 _o S ^ dG 
7f =r^l€ te)li7f€elI^H. 

^ Sl°1^. T^f ?H£ (dendritic cell), cfl^l^i (macrophage), B ^if it^t" ^€^H A H5L (antigen 
presenting cellsH $4: *Rr dG7\ ^Eli^f sfl £EjE. 



*8 SW>H, W&]43.5L+ 3 IL -12, TNF -a ^*Ul?l*r *3 £3. ^tt dG?f £3 Sfr 

9. 

1% V Eir ^ SM A 1. ^t^S. 2. ^^^i 9, *\<i#$. 14, ^1^15: 16 SEtt 185. i£^|£)^ <*7| 

3^ 10. 

*fl 1^3 dG7f ^€ -l-eljlTft^l^sl- ■?r:£#-S-.2.3. *Hr iL2^ £^ 33 *|a*. 
11. 

12. 

afl 10^- ll#i SlW<M, #71 *W£ AIDS, ^ C ^ ttfl -§-5] £b flfc 2°tJ-|- ^ 

2.2. iL2:>t 

13. 

£3 



£^ la 



1826D 

M21C 

M21 

M20 

M26 
M16C 



M16 



HMHH i : ii HM iilii n, iii |H| i 



mm* 



20 



40 



pMac 



60 



IL-12 (pg/ml) 



lb 



1826D 
M21C 
M21 
M20 
M26 

M16C 
M16 

ti||x| 



ND 

— 






□ cell 


ND 








ND 




• 




ND 








ND 

ZZ!ZD 








ND 


1 


1 . 





10 20 

IL-12(pg/ml) 



30 



40 



£3 2 




pl9d 

p19 

M26 
M16 



M21C 
M21 
M20 

1826D 




o 

1=1 



5 10 
!"*! ^(binding index) 



15 



£•3 3b 



M21C 



M21 



M20 



1826D 





u||X| 



3 — t 



i 



i 



Q 6hr 

0 > 5hr 



4 8 12 

(internalization index) 



16 



3c 




50 



100 



150 



£^ 4a 



a 




□ Total 
13 IgGI 
■ lgG2a 



Alum + HIV particle 



£^ 4b 




S.'d 4c 




PBS 1826D M21 1826T PBS 1826D M21 1826T 

1 10 Genexine Inc. 

120 Modified phosphodiester CpG oligonucleotides conjugated with a dG run which have Improved imm 

unomodulatory activity and safety 
130 9P -11 -26 

160 17 

170 KOPATIN 1.5 

210 1 

211 20 

212 DNA 

213 Artificial Sequence 
220 



< 223 synthetic CpG oligonucleotide with a phosphorothioate backbone 

> 

< 400 1 

> 

tccatgacgt tcctgacgtt 

< 210 2 
> 

< 211 20 
> 

< 212 DNA 

> 

< 213 Artificial Sequence 

> 

< 220 
> 

< 223 P 19 

> 

which is a phosp oligon havin a CpG motif and a 

hodie ucleo g 
ster tide 

putative dG run(GGGGCG correspondin to 

). g 

of a mpicillin resistant gene derived from 

< 400 2 

> 

ggaaaacgtt cttcggggcg 

< 210 3 

> 

<211 14 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 

> 

< 220 
> 

< 223 pl9d which is a phosphodiester oligonucleotide having a CpG motif 
> 

< 400 3 

> 

ggaaaacgtt cttc 

< 210 4 

> 

< 211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 



20 



2293 

2312 
pUC 19 



20 



14 



< 220 

> 

< 223 Ml which is a phosphodiester oligolucleotide having GpC sequence instead of CpG within the CpG 
> motif of pl9 

< 400 4 

> 

ggaaaagctt cttcggggcg 20 

< 210 5 
> 

< 211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 M7 wherein GCCCCG is conjugated to the 3' terminus of p!9d 

> 

< 400 5 

> 

ggaaaacgtt cttcgccccg 20 

< 210 6 

> 

< 211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 M13 wherein GGGCCG is conjugated to the 3' terminus of pl9d 

> 

< 400 6 

> 

ggaaaacgtt cttcgggccg 20 

< 210 7 

> 

<211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M14 wherein GGCCCG is conjugated to the 3' terrninus of pl9d 
> 

< 400 7 

> 



ggaaaacgtt cttcggcccg 20 

< 210 8 
> 

<211 20 

> 

< 212 DNA 
> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 Ml 5 wherein GGCGCG is conjugated to 3' terminus of pl9d 

> 

< 400 8 

> 

ggaaaacgtt cttcggcgcg 20 

< 210 9 

> 

<211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 M16 wherein GGGGGG is conjugated to the 3' terminus of pl9d 

> 

< 400 9 

> 

ggaaaacgtt cttcgggggg 20 

< 210 10 

> 

< 211 20 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 

> 

< 223 M19 wherein GG is conjugated to the 5* terminus and GCCC is conju gated to the 3' terminus of p 
> 19d 

< 400 10 
> 

ggggaaaacg ttcttcgccc 20 

< 210 11 

> 

< 211 20 

> 



< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M26 wherein GG is conjugated to the 5' terminus of 3'CC -deleted M 19 
> 

< 400 11 

> 

ggggggaaaa cgttcttcgc 

<210 12 

> 

<211 20 
> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M27 wherein GGGGG is conjugated to the 5* terminus of 3'CGCCC -del eted M19 

> 

< 400 12 
> 

ggggggggga aaacgttctt 
<210 13 

> 

< 211 26 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M20 wherein dG6 run is conjugated to the 5' terminus of 1826D 

> 

< 400 13 

> 

ggggggtcca tgacgttcct gacgtt 

< 210 14 
> 

< 211 26 

> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 



< 223 M21 wherein dG6 run is conjugated to the 3' terminus of 1826D 
> 

< 400 14 

> 

tccatgacgt tcctgacgtt gggggg 
<210 15 

> 

< 211 11 

> 

< 212 DNA 

> 

< 2 1 3 Artificial Sequence 
> 

< 220 
> 

< 223 Ml 2 which is a phophodiester oligonucleotide having a single CpG motif 

> 

< 400 15 

> 

cttaacgttc t 
<210 16 
> 

< 211 17 
> 

< 212 DNA 

> 

< 213 Artificial Sequence 
> 

< 220 
> 

< 223 M22 wherein dG6 run is conjugated to the 3' terminus of Ml 2 

> 

< 400 16 

> 

cttaacgttc tgggggg 

<210 17 

> 

<211 17 
> 

< 212 DNA 

> 

< 213 Artificial Sequence 

> 

< 220 
> 

< 223 M23 wherein dG6 run is conjugated to the 5' terminus of Ml 2 
> 

< 400 17 

> 

ggggggctta acgttct 



